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ABSTILVCT • 


This research project was undertaken to carry out an analysis 
of Earth Resources Technology Satellite (ERTS) multispectral data 
and examine its usefulness as a means for allowing automatic terrain 
classification for engineering purposes. The approach used involved 
mathematical manipulation of the original data in order to highlight 
the relationships between the original video elements. The specific 
locality investigated v;as a strip approximately 185 lar. long and 
46.25 km v/ide centred on Lake Gregory in thp north-east of South 
Australia. All of this area falls into the arid zone, and such 
terrain is of considerable extent in Australia and throughout the 
world. ’Ground truth' had previously been established by means of 
conventional techniques (aerial photographs and ground investigations) 
and the results displayed by terrain pattern^ maps at a scale of 
1:250000 (Grant, 1970 a,b,c). The study was thus directed at a regional 
rather than a detailed level and was concerned with correlating and 
classifying the smallest identifiable elements of terrain at such a 
scale represented by approximately, one-eighth inch squares on the 
terrain pattern map. ~ ' f ~ " 

As the ERTS video data elements each cover a ground sjze of 
approximately 79 x 79 metres, cojisolidation into macro-elements com- 
prising on average 10 x 11 each (around half mile squares of terrain) 
was carried out, these macro-elements were used as the basic elements 
in the analyses. The data was stored on a magnetic tape file and a 
number of computer programs were written to carry out the analysis and 
to display the results pictorial ly. 

Display of the original band data indicated differences in 
representation of the terrain both within and between each of the four 
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bands. By applying principal component’s analysis to the variance/ 
covariance data matrix, scores of the video elements on the principal 
component axes allowed good correlation to the various provinces of 
Grant (1970 a,b,c). h'ithin the provinces there was a high level of 
qualitative differentiation which could be related to the terrain^ 


■ " patterns established by convent ional means. A cluster analysis^of ^ 
the data also enabled correlation at the terrain pattern level with 
- - , the resulting dendrogram highlighting quantitatively the interrel- 

ationships between the various terrain elements. 

^ • These results show that meaningful evaluation-and classification 

of terrain for engineering can result from a quantitative analysis of 
ERTS data. However this approach has two important advantages over 
conventional methods. First because of its use of modern computer 
techniques, large areas (of size 185 x 185 km) can be classified into 
fundamental units in a matter of hours, and secondly it can be applied 
to those parts of the earth where facilities for conventional studies 
(e.g. aerial photographs, roads) are poor or lacking. In this way the 
application of such techniques can contribute significantly at the 
- ievel to the _ under standing of terxain ^ ^ ^ ^ 



Gi\PTl;R 1: 


INTRODUCTION 


ORIGINAL PAG:: VJ 
OF POOR QUALITY 


1 . 1 Terrain Classification f or Engineering 

In 1966 and 1967 the author was employed at the C.S.I.R.O. 

Division of Soil Mechanics, Melbourne, Victoria. During this period he . 
was associated \>Tth an on-going 'program to develop a system of 'terrain 
evaluation for engineering purposes. Methods were developed to classify 
terrain in the laboratory by means of air photos, using stereoscopic 
pairs, and for these classifications to be confirmed in the field by 
inspection and soil testing. The methods involved the use of the human 
eye as the recording instrument to carry out a qualitative correlation 
of individual sites with others at a distance by observation and inter- 
pretation of geology, geomorphology, physiography and stream and 
vegetation patterns. • 

The underlying philosophy of the system is that having estabiisned 
a mozaic of visually correlated features then by carrying out site 
investigations in the field and measuring appropriate properties of a 
relatively small number of selected sites, a broad k?iowlcdge of the 
engineering properties of a regional area can be determined^ Consid erab le 
experience has shovn-this appro.ach'to be effective in_teras of the clas-. 
sification of terrain into meaningful subdivisions in an engineering 
sense (Aitchison and Grant, 1967; 1968 a,b).. 

Over recent years a number of practical terrain surveys have been 
carried out using those methods in association with projects such as 
outback road construction, for purposes of establishing mobility in remote 
areas, and for classification and evaluation as a basis for urban and 
rural planning. In 1967 the author was involved in two such surveys 
(one to the Gulf of Carpentaria and one to the north-cast of Marrec in 
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South Australia) during periods when road construction and alignment 
were being undertaken. 

In conjunction with sucli field work, a data base computer system 
was developed to utilize the speed and storage facil’t'if's of the computer 
' •• to assist in overcoming problems associated with the storage and retrieval 

of vast amounts of field and laboratory data (Grant and Lodwick, J7r - 

hbile such a system was of considerable importance, of more fundamental 
interest was the possibility of making use of the computer for '.nache- 
matical analysis of video data in order to assist in tlie establ isluuent 
of the basic classifications. 

Until recently, however, it was not practicable to carry out such 
an analysis since it would involve as a prerequisite the determination of 
numeric values for all visual data sites throughout a full survey area. 

In addition the allocation of a single visual value to each site would 
be unlikely t<^ result in meaningful classes of terrain, since visual 
assessment also depends upon the interrelationships of individual sites 
(such as their roles in trends). Wliat was necessary was the sensing and 
measurement of a number of attributes peculiar to the site itself, or 
alternatively the inclusion ci information representative of surrounding 
sites such as dircctitmai informatitjn on trend features. — ...L T- 

" *“ By a multivariate analysis of all these attributes th^ai'm - 

_ .would be to determine a unique 'signature* for each particular site, 

which could then be compared with 'signatures' of other sites. In this 
• - ‘ way naturally occurring si .llarities or differences could be highlighted 
and used as a basis for classification. 
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1 . 2 Collection of ERTS Data 

The ERTS (Earth Resources Technology Satellite) program collects 
as one of its priorities niultispectral data of images of the earth's 

surface. These data are collected remotely from a satellite* orbiting 

the earth by means of a sensing system, transmitted to a receiving station 
and then translated and assembled onto computer tapes suitable for digital 
processing. 

Reflected solar light is measured in four visible spectral bands 
in the range between 0.5 and 1.1 micrometers. 

The system scans a 185 km swathe from west to east as the satellite 
traverses an almost polar orbit. Each swathe comprises six lines sensed 
by sets of six parallel detectors. Each line is made up of 3240 individual 
readings and 2340 lines comprise an individual scene covering 185 x 185 km 
of the earth's surface. 

The usefulness of ERTS data in the field of terrain studies is 
enhanced by the enormous coverage of each scene, the multispectral nature 
of the observations, and the fact that the data are collected as numeric 
values which are amenable to multivariate analyses using modern computer j 

1.3 Selection of the Lake Gregory Area 

The area selected for study is'strip 1 _of ERTSlscene number 
1564.23594 which comprises a section 46,25 km wide and 185 km long trending 
approximately fourteen degrees in a north-easterly direction. It is 
centred on Lake Gregory, a complex of claypans and swamps approximately 
120 km to the north-east of Marree in the north of South Australia 
(Figure 1.1). It lies within the southern margin of the Great Artesian 
Basin and fringes the Simpson Desert which is situated to the north. 
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The northern half of the strip consists of aeolian sand dunes of 
quaternary age trending northerly and northwesterly, while the southern- 
part consists of Cretaceous and Tertiary deposits. Transecting from the 
north-east are the braided channels of Cooper’s Creek running down to 
Lake E>'Tf. . / - — 

ERTS data had been collected over'this area in' February 1974, 
and a terrain classification for engineering carried out in 1967. Very 
little of the area is covered by vegetation, and this allows the video 
information to be directly related to the terrain surface. In addition 

T 

the whole of the locality is within the arid zone which is -important 
because as Mitchell (1973) points out, such land shows a wide range of 
geological and physiographic conditions whose character and distribution 
have been much less studied than those of more settled regions. Because 
the world's total desert area is very large, the development of successful 
methods of terrain classification would have wide application for such 
purposes as the estimation of soil and water resources, the design of 
cross-country vehicles, and calculation of requirements of local materials 
for large-scale engineering projects. 



1.4 Previous v;ork ' ^ ^ 

1.4.1 Applications of ERTS data " : 

The first Earth Resources Technology, Satellite (ERTSl) was 
launched on July 23, 1972. In its first seven months over 34-, 000 scenes 
of the earth were obtained, covering all major land masses, and over 70 
per cent of the world's land area. 

Since its launch a wide range of investigations using ERTS data 
have been reported. These include geologic analyses (LoviTnan, 1972; 
Pickering and Jones, 1973), mapping of ice and snow conditions (McClain, 
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1972; Campbell, 1972), crop classification (Sheffield and Bernstein, ’ • ' 
1972), ecological investigations (Anderson, Carter, McGinness, 1972; 

IVezernak and Thompson, 1972), flood mapping (Deutsch ct al . , 1973) and 
land use classification (^\nderson ct^.al_- > 1972). The. most significant 
and successful- application of i:RTS data to date has'been using KRTS photo 
images, especially as a photomozaic medium. 

In Australia staff at the C.S.I.R.O. Division of Mineral Physics 
have developed tecliniques which take the original digitized computer 
compatible tapes and produce high quality photo images for use by 
researchers (Green, 1975). At the C.S.I.R.O. Division of Lcmd Use Research 
work is being carried out using ERTS imagery for ecological surveys (Cook, 
1975). At the South Australian Institute of Technology research is being 
carried out into detailed classification of ERTS data to investigate 
the use of such imagery for land use surveying (McCloy, 1975). Similar 
problems are being investigated at the CSIRO Division of Land Resources 
Management in Western Australia (Honey, 1976). 

The Bureau of Mineral Resources has carried out investigation of 
ERTS for geological applications (Maffi ct al . . 1974; Tingcy, 1974) while^_ 
"research ih-tliis area has al^o been- carried out by tlie-pepartment of_l~ ^:^j - 
_Gcology at the University of .Melbourne, but with particular reference 
to gcomorphological aspects (Joyce, 1974). 


1.4.2 Terrain classification surveys 

A considerable amount cf work has been done in Australia in the 
development of terrain classification and evaluation systems (Christian, 
1958; Mabbutt, 1968b; Christian and Stewart, 1964). Investigations in 
Australia have generally been integrated using a multidiscipline approach 
to landscape analysis, by including specialists in geology, pedology. 
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geomorphology, botany and climatology. 

The C.S.I.R.O. Division of Land Use Research has carried out a 
number of important surveys (Christian and Stewart, 1953; Perry et al ., 

1962). Tliese investigations have usually considered the whole range of 
lai\d use interests (including the engineering aspects, water supply, _ . 
minerals, wildlife, fisheries, harbours, scenery, tourist and recreational 
attractions) ,uid encompass all those natural resource factors which have 
a relatively fixed geographical location and extent and arc amenable to 
geographical forms of analysis (Christian and Stewart, 1964). 

Since 1946 extensive resource surveys have been carried out in 
undeveloped parts of Australia and Papua New Guinea, using the aerial 
photography and techniques developed during World War II. These surveys 
were based on land systems and land units which aimed at being both basic 
and functional divisions of landscape. Land systems were recurrent 
patterns of landforms, soils and vegetation recognisable on aerial photo- 
graphs and these comprised the basic mapping unit. Land units were their 
constituent subdivisions. Land system surveys were presented in the form 
of maps at scales of 1:250000 and 1;1M accompanied by block diagrams 
showing the interrelations of the land units and tabulated summaries of 
their form, soil, and vegetation properties. The results of these • 
.surveys have been applied to a wide range of land-use purposes, most 
notable of which is to the pastoral industry (Slatyer and Perry, 1969) . 

From such a broad scale approach, the C.S.I.R.O. Division of Soil 
Meclianics developed a system of terrain classification and evaluation for 
the particular needs of engineering. Tliis is known as the Pattern Unit 
Component Evaluation (P.U.C.E.) system which has been applied in a number 
of surveys in Australia undertaken on a regional basis (Grant, 1970 a,b,c; 
1972). 
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1.5 ~ Methods cf I nvest ir,aticn 

The aim of this research was to investigate the extent to which 
a quantitative analysis of ERTS nul tispectral data could enable meaningful 

classification of terrain for engir.eering . — ^ ^ 

- - • ^ - A survey cf current 1 itCTatiirc’ suggested that the 'appl icatioirof 
multivariate techniques of factor analysis and cluster analysis, such as 
outlined in standard texts (Pavis, 19~3; Harbaugh and Merriam, 396S; Miller 
and Kahn, 1952), would provide a new approach to the problem of classifi- 
cation of terrain data fer engineering purposes. 

Because the terrain classification naps of the Lake Gregory area 
to be used as 'ground truth' (Grant, 1970 a,b,c) were presented at a scale 
of 1:250000 the investigation concei'ned classification on a regional basis 
and involved detailed correlation to the level of terrain patterns. 

A number of special purpose computer programs to store the data, 
to analyse and process video information, and to present the results 
pictorially were written for the research. 
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CHAPTER 2; TF.RRATN CLASSIFICATION FOR ENGINEERING 
2.1 Introduction 

Terrain classification has practical application for agricultural, 
engineering, military and other purposes.- It is usually concerned with . 
intermediate levels of land use intensity where the interest' in terrain 
per unit area is important, but not sufficient to justify the cost of 
special detailed surveys, e.g. it has been successfully applied in 
agriculture v.’hen choosing suitable farming systems, in engineering for 
purposes of secondary road construction in remote areas, and for military 
applications at the broad level of vehicle mobility. 

Terrain evaluation can be defined as a process involving an analysis 
of the natural geographic environment, the classification of data to 
distinguish one area from another, and the appraisal or assessment of the 
data for practical ends (Mitchell, 1973). In practice the problems of 
classification of terrain fall into three main categories dealing with the 
complexity, extent and association of landscape forms. Additional to these 
a fourth aspect of scale might be added (Mabbutt, 1968 b) . 

The' processes involved in land analyses and terrain studies r _ 
normally comprise field surveys, laboratory .work, statistical analyses, '* * 
the extraction of classification details, and the storage of data in 
retrieval and reproduction systems so as to make it available to users in 
an accurate and comprehensible manner. 

The role of classification in this process is to develop methods 
concerning the recognizabi lity and reproducibility of the terrain so that 
individual properties can be precisely defined in terms of earth forms 
and materials. This is necessary so that prediction between known and 
unknown areas can be effectively carried out. 
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Terrain classification systems can adopt one of two approaches 
• vliich should be considered complementary rather than conflicting 
(Mabbutt, 1968 b) . 


First, one can consider the terrain itself, classify it into 
natural .units, and then attempt to measure individual properties quant ir 



Alternatively one can consider terrain from the point of view of 
-the uses envisaged and map units in terns of selected class limits of 
-appropriate land attributes! Superimpositicn of these maps will then give 
a complete classification. 

^ The first or ’laiidscape’ system has three significant advantages 
over the second or 'parametric’ approach. It assists in explanation of 
the fundamental causes of landscape differentiation, it is better suited 
to reconnaisance, and it facilitates the appreciations of regions as a 
whole. 


On the other hand the parametric approach is more quantitative 
and less dependent upon subjective interpretation cf landforms. It is 
also better adapted to statistical analysis and the use of remote sensing 
methods?"* However it" poses the difficulty cf selection of meaningful class 
limits and tends to“sacrifice comprehensiveness and case'of r e^ogn i t 
yyfor quint it'^tive detail (MitchelT, ”1975) . ■. .. I-- . 

- 2»2-- Tine Pattern Unit Cor?oncnt Evaluation System " V "? 

’ "* ■ Because of the special needs of engineering, and the inadequacy 

of conventional land systems, the C.S.l.R.O. Division of Soil Mechanics 
has devised a modified system for its owt. needs. This has land systems 
more narrowly defined in tenr.s of engineering criteria but identified on 
the grounds of visual 'landscape' recognition characteristics. 
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The basis of the Pattern Unit Component Evaluation (P.U.C.E.) 
Prograrjne is that any area of land can be uniquely defined in terms of its * 
basic attributes, i.e. topography, underlying lithology, structure, and 
its soil and vegetation. By selecting class boundaries at suitable 
significant levels, continuous expanses of terrain may be reduced to a . - 
number of terrain classes which reflect its engineering properties. 

The system is based entirely on landscape properties normally 
recognizable by engineers at four levels of scale: province , terrain 

pattern , terrai n unit and terrain component , in descending order of size 
and increasing order of detail. Only the last three are considered as 
vehicles for engineering data. 'Die method of relating such data to these 
is described by Aitchison and Grant (1967; 1968 a,bj. 

The smallest unit is the terrain component, which has a constant 
rate of change of slope, consistent soil at primary profile level, and 
consistent vegetation associations. It has a constant underlying lithology 
in a constant structural environment. It also has a consistent association 
of soils (except alluvial or aeolian stratified soils), such that the 
association can be expressed within one class in the Unified Soil 
Classification (USC, Anon 1965) System and within cne class of .the primary 
-profile form" (NorthcoteT'i^'^I) It is mapped at a scale of or 
greater, and interpreted on aerial photographs at a scale of 1:10000 or 
greater. It can be mapped in situ and defined in terras of physiography, 
rock, soil, and* vegetation, and of its* relative' importance within the 
terrain unit. 

The key subdivision is the terrain unit which has to be visually 
recognisable and is defined as'the area covered by a single landform 
feature having a characteristic soil association and a characteristic 
natural vegetative formation ' (Grant , 1975). It is mapped at a scale of 
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1:50000 and described qualitatively in terns of principal soil, rock, 
and vegetation characteristics, and. quantitatively ‘in teims of lateral 
dimensions and relief using either aerial photographic interpretation or 
ground methods. 

— The terrain unit so dcfineA can be regarded as ’being composed of 
a limited number of terrain components always recurring in the same - 
spatial relationships within the terrain unit. The slopes and soil/ 
vegetation chavactcristics arc tliorc of the individually contributing 
terrain components. In practice the terrain unit falls into topographic 
classes (Table 2.1) and within each class has a characteristic association 
of slopes and a consistent local relief. In addition the characteristic 
soil association of the terrain unit will be dominated by a specific 
textural type (Table 2.2) and the characteristic vegetation formation 
will be dominated by a single vegetation class (Table 2.3). 


1. Surfaces, flat or with various degrees of undulation, 
i.e. undissected, dissected and/or eroded. 

2. Slopes between surfaces; gentle, steep, or cscarpment- 

3 “■^ Isolated ridged, ‘ etc-.- (except thpse'with 

’ tops). .. ‘1 . 

— 4. - Drainage lines, lakes, .etc. . 


Table 2.1 : Examples of topographic terrain unit classes 


(from Grant, 1974) 
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1. Rock outcrop, pockets of shallow soil or gravel 

2. Clay soils (Ug)* 

3. Clay soils (U or r,) 

4. Clay soils (D) 

5. Silty soils 

6. Sand over clay soils (G) 

7. Sand over cloy soils (D) 

8. Sandy soils (.U or G) 

9. Stratified soils 

10. Organic soils 

* These symbols refer to the classification 
system of Northcote (1971) 


Table 2 , 2 : Textural types of characteristic terrain 

unit soil associations (from Grant, 1974) 


aerial 


The terrain pattern is recogni'/ed mainly from its appearance on 
photographs with a constant gcomorpHblogy“and a constant associa 


tion of terrain units. It is mapped -at -1 t 250000 and -represented on an 
illustrative block diagram, and defined qualitatively in terms of its 
principal soil, rock, and vegetation characteristics and quantitatively 
in terras of its lateral and vertical dimensions; The terrain pattern can 
be regarded as being composed of a limited namber of recurring terrain 
units always associated in the same spatial relationship, and should be 
coincident with the area represented by a distinctive pattern on an 
aerial photograph of suitable scale. 

The province is also mapped at 1:250000 but relates only to areas 
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1 . 

2 . 

3. 



5. 

6 , 



8 . 

9; 

10 . 


Bare, sparse grass, occasional tree or shrub 


Grassland 

Shinibland 

Open wood land - 

Savannah woodland 

Woodland 

Forrest 

Rainforrest , 

Fresh-water swair.p forrest 
Salt-water swamp forrest 



Table 2.3 : Classes of characteristic terrain unit 

vegetation formations (from Grant, 1974) 


of constant geology as revealed on aerial photographs. It can be 
defined as an area of constant geology at the group level (Anon, 1973a), 
. composed of a limited of recurring ^terr^in pattprns.^^w^£::-£.— 


• same jspe^ia^ relationships. 


Ah extensive numerical system of nomenclature has been devised 



for the classification of provinces, terrain patterns, terrain units and 
.terrain components and standard format sheets for data collection and . . ' _ 


presentation have been developed. 


2.3 The Methodology of P.U.C.E. Surveys 

In practice the terrain evaluation process for engineering 
consists of three phases involving the establishment of the classifica- 
tions, the quantification or attachment to then of specific engineering 
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data, and finally the application of the system to particular engin- 
eering projects. 

The establishment phase is carried out in accordance with the 
rigorous principles applicable to engineering needs and involves careful 
selection of terrain classes and boundaries so that they may be uniquely - r.* 
identified and used as vehicles for the communication of engineering data 
from classifier to user. The latter can then not only use the system 
as different levels of generalization, but also identify his particular 
needs within sel« cieJ terrain classes. 

Following the establishment of the classifications the quantitative 
phase follows by the attachment of engineering information at an appro- 
priate level of detail to the different terrain classes. This is carried 
out by field testing during which specific soil, vegetation and moisture 
properties are measured at specific sites. In addition the validity of 
the topographic land form components are verified by on-site inspection, 
along with the determination of appropriate terrain parajrteters. Because 
of the range and complexity of such information it is collated by a compre- 
hensive system of data storage and presentation (Grant, 1968, 1974), 

ihcorporating automated methods (Grant and Lodwick, 1968). _ 

Subsequent to completion of the quantification phase the system 
is now ready for the needs of the engineer, who can extract from the 
system sufficient details for, say, mobility assessment or minor road 
construction, or alternatively information to allow preliminary investi- 
gation prior to site selection for more detailed surveys, as necessary 
for major works. 
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CHAPTKR ?>:' Til'’ FRTS PROGRAM ' 


3.1 


Introduction 


Earth Resources Tcclnolo^y Satellite (ERTS) program has been 
re frofe^S at el 11 1 eV t^rb 1 1 ing jtfre- c^rtfr'wul tlspecTrat’- ' 7 :; 
images of the cartii’s surface. This data is transmitted through ground 
stations to a data processing centre at the NASA Goddard Space Flight 
Centre for conversion into black and vhite or colour photographs and 
computer' tapes . The two missions so far launched, ERTSl.and ERTS2 .”1 . 
provide for tl.e repetitive acquisition of high resolution multispectral 
data of the earth's surfac.e on a global basis. The two sensor systems 
comprise a four channel ffult ispectral Scanner Subsystem (MSS) and a 
three camera Return Bean Vidicom (RBV) Subsystem. 

The MSS subsystem is used to obtain the binary digital data 
which is assembled onto Computer Compatible Tapes (CCT) suitable for 
computer processing and analysis. The RBV camera subsystem contains 
three individual cameras operating in the nominal specvral bands from 
0.475 ZQ G-S30 micrometers. Lhen-tiic cameras are , shuttered; -the -li n a g es 


«re’ Stored bn the RBV- photo sen~sit'ive surfaces. Tliese are scanned to *r 


produce anologue photographic output. Comprehensive details on the - — 
collection and production of ERTS data are ‘contained in the N.ASA “ 

'Generation and Physical Characteristics of the ERTS ‘MSS .Systjem 
Corrected Computer Compatible Tapes (Anon, 1973b), and Data Users 
Handbook (Anon, 1972). 


3.2 Orbit and Earth Coverage 

The ERTSl satellite is circling the earth in a circular sun- 


synchronous orbit and provides complete global coverage between 81 
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degrees north and 81 degrees south latitude. Each day the satellite 
makes approximately 14 revolutions of the earth. The fifteenth orbit 
of one day overlaps the first by 1.43 degrees longitude or 159 km at 
the equator and becomes the first orbit of the next day. 

. „ Tlie revolutions progress in a westerly direction so that after 

revolutions,' taking exactly 18 days, a complete coverage cycle is . • 

obtained. The next orbit (252) coincides precisely with orbit 1 of the 
previous cycle. Since the systems operate in the visible wavelengths, 
they are operative only during daylight sections of the orbit. 

3.3 MSS Subsystem 

3.3.1 Sensing arrangement 

The MSS is a four-band scanner operating in the solar-reflected 
spectral region from 0.5 to 1.1 micrometers. It consists of six detectors 
for each of the four bands. Tlie MSS scans swathes of the earth’s surface 
185 km wide at normal altitude, sensing six scan lines at a time simul- 
taneously for each of the four bands. The sensing of each swathe is 
accomplished by means of a flat mirror oscillating across the field of 
view between the ground scene and a double-reflector telescope type of 
optical chain. Video outputs from each detector in"the scanner are 
Sampled, commutated, and-. multiplexed into a' modulated stream which is 
encoded and tran'sraitted to ground-based receiving sites. The receiving 
sites compile the raw data oh video tapes for calibration and reformatting 
into usable binary form on computer compatible tapes. 

3.3.2 Scanning each scene 

Each completed scene is made up of 2340 parallel scan lines, 
each containing a large nujriber of video data points. Each line scans a 
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- length of 185 kin arid comprises 3240 individual video data samples. Thc__.' 
value of each sample is contained in a byte, made up of eight binary 
’’bits”. The value of each byte represents its radiance level. In the 
_linear node only six bits are used with a range 0 to 63, while in the 
* -d^-ofipress^ mode seven bits are usdd al 1 owing-. radiance 1-evel s of 0. ;y 


127. The distaiicc covered by a scan line depends on altitude. Experience 
has shown that in the worst case the altitude variations have resulted 
in^can line changes of 2 T>proxir.atcly +4 kn. At nor.inal altitude 
(91S. 592 ta the scan line is 1S5 kjn long. Figure 3.1 shows 

the* geometry of a completed ground scene. . ‘ 

The scan mirror operates in a sran-and-retrace cycle with the 
active portion of the scan being in a west-to-east direction. As the 
spacecraft proceeds along its near polar orbit each subsequent scan 
and retrace cycle is contiguous with the preceding one. A set of 390 
cycles which produces 2340 parallel scan lines provides complete coverage 
of the. full 1S5 km x 185 km scene. 

During the processing phase each scene is subdivided into four 
parallel strips comprising one quarter of each line. Each strip is . _ 

' -^e cosput^^r -tape wi^ 'data inter^^ved foi^lV'spcc^tra^^^ 


" - foT ERT51 reflectance levels -in four spectral bands were .:~- 

'f ' S5ca£ured . “ These bands were .in the ranges C.5 tO'0,6 miCTomet-ers,'-C.^' ter 
~ ~0r7^ micrometers, 0.7 to 0.~8 micrometers .and 0.8 to 1.1 micrometers." V.~ 


3.3.3 Registration and a dj ustment of s c an lines 

Tne MSS detectors are sampled sequentially at a constant rate of 
100,5 kilcsairples/sec . with a 2-b\'tc spatial misregistration introduced 
by the arrangement and sampling sequence of the detectors. This enables 
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Components of a Completed Ground Scene as 
represented on the MSS CCT. 
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each ground sample site to be sensed by CMch of the four bands in turn 
and means that at the beginning of each scan line only sites from the 
seventh sample on will be sensed for all four bands. (Similarly at the 
- . ends of each line.) Tliis 2-byte spatial misregistration of the data 
L - ^ adjusted- for_by inserting- registration f ill. j^iaracters . (which 

contain no useful video data) at the ends cf the lines. The number of 
registration fill cliaracters (each of which corresponds to a b>te) added 
to a given scan line is always six for each of the four spectral bands, 

; *. * ■ _ Occasionally the length of the scan lines may vary slightly . . 

. i: -due'.to small variations in tlic period of the mirror. An operation to-- 
adjust all scan lines to the same length is carried out by inserting 
"synthetic" bytes (duplicates of the preceding byte) at regular intervals 
as needed. 

3.3.4 Radiometric calibration of sensors 


I 

i 

\ 

\ 

I 


During alternate retrace intervals an artificial light source is 
projected into the optical fibres to allow calibration of video responses 
for the individual bands.. This enables a check to be made of the _ 


rbrj^elitive radiometric and also to 


“-- ■-oc^ur in. the six detectors of a spectral band. Corrections are performed- — r 
"I^duirini preparation of the computer compatible tapes in order to minimize ‘ ■ 
'.Striping within each swathe due to detector differences. between lines. “ v 


3,4 System Performance 

The principal parameters used to indicate the quality of the 
data are resolution, radiometric fidelity and geometric accuracy. The 
area of view of each detector is a square section of the surface of the 
earth with side length 79 metres at normal altitude. Experience has 
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shewn this to be close to the level of cross-track resolution in high 
contrast areas. In scenes of low contrast the level of resolution is 
less. 

The MSS subsystem is less subject to radiometric inaccuracies 
than the RBV system because the output of the MSS seiisors arc in digital 
form, and therefore not subject to transmission and tape recorder dis- 
tortions. rally calibrated MSS data is available without the necessity 
of intermediate photographic or analogue processes. Errors however may 
be introduced from electron beam scatter, due to non-uniformity of 
intensity of the calibrating light source, and due to original errors 
and long term variation in the calibration coefficients of the lamp/gray 
wedge system. Typical errors from these sources are in the region of 
1-2% of the density range. In addition errors can be introduced during 
the production of photograpldc products from MSS tapes. These are in 
the range of a 2-4% density variation. 

• Geometric accuracy of the imagery is dependent upon two aspects. 
These are (a) the positional accuracy or the ability to locate a point 
in an image in term?' of its* grid position and (b) the registration 
accuracy vrhich depends on both the. ability to superimpose- two points in 
images of the same area taken at different times and the ability to super- 
impose two. points in different images of a ground scene taken at the same 
time. 

These errors can be introduced externally to the MSS sensing 
system (spacecraft attitude, orbital errors, exposure time, etc.), or 
internally (detector alignment, scan non-linearity, sampling uncertainty, 
etc.), or in data processing (computational precision, flat earth 
modelling, etc.). For precision output processing the positional mapping 
accuracy is 242 metres for film products, and the registration accuracy 
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is 154 nctres. ^ 

3 . 5 CRTS Photographs oT the Lake Gregory Area 

The C.S.I.R.O. Division of Mineral Physics is involved in a 
project which takes the NASA Cor.putcf Compatible Tapes, carries * out 
geometric and radiometric corrections and enhances the data by stretching 
the contrast of each individual video element. Output is by means of an 
Optoprix photowritc riachinc for use by researchers. 

Plates 3.1, 3.2, 3.3 and 3.4 show the output and resolution of 
strip *1, Lake Gregory area (ERTS scene 1564.23594) for bands 4 through 
7 respectively. 
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Plate 3.1 : ERTS photograph for band 4 of the 

Lake Gregory scene. 
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original page « 
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Plate 5.5 ; ERTS photograph for band 6 of the 
Lake Gregory scene. 
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Plate 3.4: 


ERTS photograph for band 7 of the 
Lake Gregory scene. 
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CHAPTHR 4: GEOLOGY ANP Pm'SIOGRAPIlY 


4.1 Geoiogy 

The area investigated is a section 185 km long by 46.25 kin wide 
centred on Lake Gregory in the north-east of South Australia and comprising 
parts of the Gason, Kopperamanna and Marree 1:250000 map sheets (Figure 

4.1). 

All of the urea lies within the soutliern margin of the Great 
Artesian Basin defined by the proterozoic rocks of the Adelaide System, 
and consists of Mesozoic, Tertiary and Quaternary deposits; 

In the southern half of the strip the Cretaceous deposits of the 
Rolling Downs Group are overlaid in parts by thin duricrusted Tertiary 
sediments, interspersed with gently sloping fine and coarser outwash 
gravels of recent origin. These are dissected by numerous braided streams 
trending northerly, flowing into the Lake Gregory, Lake Blanche chain of 
cla>'pans and swamps (see Figure 4.2). 

In the north the Quaternary aeolian sand dunes trend north to 
northwesterly, corm.oiily over 20 miles in length. These are transgressed 
-by the recent alluvial deposits of_Coopcr’s Creek, extending to Lake Eyre. 

4.1.1 Cretaceous deposits 

The Rolling Downs Group (hliitehouse, 1954) is one of the most 
widely distributed formations of Cretaceous age in South Australia. All 
of its larger subdivisions have been identified, and these correspond to 
the Roma formation (mainJy Aptian), the Tamho foTTTiation (mainly Albian) 
and the Upper Cretaceous lagoonal to lacustrine Winton formation (R.C. 
Sprigg and staff, 1958). 

The Marree formation, correlating broadly with the Roma and 
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Scale: 50 kilometres = 1 irich 

F igure 4.1 : Geologic Provinces of Lake Gregory area. 





Scale: 50 kilometres = 1 inch 



Figure 4.2: Drainage Pattern of Lake Gregory area 




f 

Taribo formations of Queensland (see Figure t.5) includes a large part . 
of the Cretaceous shales. The marginal or basal member found near 
Marrec township to the southwest is t’le Kilpoovinna Breccia member, 
while in the Billy Springs locality to the south the basal unit is the 
Trinity Kcil.siiJidstcne pei-^ber. The Blanchcwatcr fcr»«ticn is the Vppcrr_, 
most Cretaceous member found in the area and cori'c lutes broadly with the 
Winton formation. It is sandier than the underlying Marrec formation. 

kocks iiigheivin llie Crctnceous arc observ'eJ in a wide area to 
the south of I.akc Gregory in the Cooryanua region. 

• - • * 

4.1.2 Tertiary deposits 

Sediments of Tertiary age are widespread but generally thin, 
usually remaining as partly silicified cappings of gravelly and sandy 
beds. 

The lower 'lertiary sandstones (Murnpeowie Foimation) may be seen 
in many scarps of duricrust -capped hills while the middle or upper 
Tertiary (Etadunna Formation) occurs in low cliffs adjacent to Clayton 
River to the west. 

Duricrust is commonly seen as a h^*d, very fine grained silicious 
Tockf grey, redbrown or yellbwi^ in colour and rrsemb ling quart^zile or 
flintj^ This is^ the usual capping of the flat-toppcd_ hills in the region, 
and readily breaks up and moves down slope to form gibber plains. At 

, a ** 

least the upper part of the Murnpeowie fonnation is silicified to form* . 
a liai'd duricrust layer which aay be up to 25 feet thick over most of 
the Marrec map area. Rocks older than this arc rarely affected. 
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Figure 4.3 : Correlation of Mesozoic Stratigraphic Units. 
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4.1.3 Quaternary deposits 

- Some of the oluest of these (possibly late Tertiary in ago) are 

grey purple or reddish clays overlying the duricrust as various scattered 
exposures. In places the clays and overlying older outwash gravels appear 
to occupy structural depressions. In some places the clay contains thin 
red sandstone beds or. near^ the ba^e of the clays a re t o be found 


pisolitic or banded, flaggy grey or cream limestones. 

Above the clays and of greater extent are cross-bedded gravels 
and coarse conglomerates forming a prominent upper-level boulder deposit.. 
These appear to be old outwash gravels, composed principally of quartzite 
and quartz derived frem the Pre-Cambrian." In 'some parts the pebbles may 
be up to 2 feet in length, while to the south of Lake Gregory they are 
2 inches in length and composed almost entirely of duricrust. 

Impure fine grained g>'psum deposits are common throughout the 
region, usually forming a thick crust on Quaternary clays from which the 
overlying gravels have been partially eroded (Forbes, 1966). 

In ..he northern half of the strip a large area is covered by pale 
red-browTi sand with parallel dune ridges. The dune system trends northerly 
to north-westerly, is steeper on the eastern slope, and appears to be of 
longitudinal’ form (King-, I960). . (This _dune ^direction is in contrast . 


that to the east of Mart ce where the dunes trend north-westerly. .^.This 
change in direction reflects the mean position of- the anticyclonic system 
.which is dominant over tentral Australia (Grant, 1976)). Some dunes are 
over 20 miles in length', and rest on brouTi silt and clay, sandy in places 
and containing soil limestone. The silts probably represent the 
Quaternary source i;iatfri.'il from wliich the sands were veinnewed by strong 
winds. However the bulk of the material forming the sand dunes has been 
blown out of the alluvial stream deposits. The sand dune expanses are to 
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be found considerably more well developed on down wind side of the 
streams (Grant, 1976). 

In the southern part of the strip large areas of gently sloping 
or flat-lying fine gravels have been classified as recent outwash 
(Forbes, 1966)’.'^ Recent outwash can also be seen as continuous 'sheets — 
of coarser gravels near duriciaist plateaux. The distinction between lake 
and stre-am deposits is artificial and obscure in many localities. 

The Cooper’s Creek strean deposits in the north, and those of 
the Lake Gregory-Lake Blanche chain of claypans and swamps in the south 
contain swamps in addition to more actively-eroded sandy or gravelly 
channels. Some water holes in deeper channels may carry water for long 
periods, and areas classified as lakes often include smooth-surfaced 
claypans, channels and vegetated surfaces (Forbes, 1966). 

4 , 2 Physiograph y 

4.2.1 . Surface relief 

The area of investigation occurs within the largely arid interior 
of South Australia, and has an irregular and unreliable rainfall, which 
averages about six inches a;year. . - H 

In the Great Artesian Basin, eucalypts, commonly coolabah, lare ' 
confined to large creeks. Vegetation, typified by saltbush, is sparse 
on the gibber planes or stoney desert, but in sandy areas there is a 
collection of small trees such as casuarinas, needle bush (Hakea 
Icucoptera) and acacias, including mulga (Acacia aneura) , 

Relief is generally subdued; hills are tyj^icaliy flat topped 
and covered by duricrust, higher level gravel or gypsum remnants. The 
soft -rock pediments flanking the duricrusted residuals have been 
described in Mabbutt (1969). They are long concave surfaces, which pass 
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^ without break into the hillslopes, anJ-they arc t>Tpically armoured with 
gibbers frora the hill capping. They express the process of slope 
retreat and piedmont regrading on soft, fine textured rocks to which 
__ the term pcdiplanation has been given. The low gradients reflect the 


* ea'se- of transport of loose sedii»*ents across little-vegetated surfac-es._- 
The poorly out-cropping Cretaceous rocks form undulating country 
- flanking the sheets and smaller remnants of duricrust. In this region 
low gypsum -scarps sometimes form preminent land-marks. The lowest 
recorded. elevation of -2? feet is to the west^ where the River Clayton, 
imters swairips near Lake E>Te*. Further out in the Artesian Basin large 
areas are covered by sand ridges and gravel plains. 


4.2.2 Sand dunes 

The dune form of porallel ridges has been reported in detail by 
Kabbutt (1968a). They are characteristic of large, open expanses of 
dunes where sand movement has been least complicated by relief or 
drainage. They are mainly between 10 metres and 25 metres high with a 
typical spacing of between '500 ai;d-50p metres. The_ spacing and height 
~ tend- 1^ b^ uni f oria a nd indicative of equilibrium relationshipsf The 
ridges usually smootn'middle- aird lower" flan^ks" stabilized b>' closer 

_ grass cover with spinifex (Tricdia basedowii) predominant, and uneven 
crests with, core mobile sand and. a .scantier vegetation with canegrass 
(Zyochloa) and shrubs. ' 

The stabilized lower body of the dune is characteristically 
as>Tietrical with a gentler western flar.k, and a steeper eastern flank; 
a crestai belt of live sand 25 to 50 metres wide rests upon the stable 
lower portion. 

The swales are generally sandy, with uneven loose sand between 
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1 the arms of junctions, but there arc flat tops with claN'pans locally 

i ahd areas of gravel outcrop. In most eases the sub-aeolian floor is a 
little below the level of the swale (Mabbutt and Sullivan, 1968). Between 
the dunes arc small playas, occasionally filled with salt water. 

In the north, the sand ridges arc dissected by Cooper's Creek 
I trending south-west to Lake Ryrc. 


4.2.5 Drainage 

The drainage t>'pe in the area falls into tl’.c classification of 

r co-ordinated interior drainage (Hills, 1953), of which the Great 

1 

Artesian Basin is the only important example in Australia (Mabbutt, 1969). 

I 

I It results from the structural disposition of peripheral uplands on 

I 

I uniform soft sedimentary rocks, but is also reflective of the pattern of 
I greater and more effective rainfall north-eastwards, towards the upland 
I catchments. 

( . In the southern half of the strip, there are two main directions 

I of drainage, to the north-west into the Lake Eyre basin and to the 
j north-cast into the Lake Gregory-Lake Blanche chain of claypans and 
. swamps. 

* - .Along the Birdsville track, creeks drain the western limb of 
the Cooryanna dome and make their way into shallov; depressions such as 
Cane'grass Swamp and Lake Harry which occur in a zone along the western 
limb of the structure. 

To the east, Tooncatchyin Creek occupies a structural depression 

between the Cooryanna dome and the duricrust plateau south of Lake 

r 

i Blanche. The Lake Blanche system of claypans is analogous to the Lake 

i 

Harry zone, but is much mere strong Iv aligned. 

I 

I 

I 
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, QIAPTCR 5: TERR,\IN CLASSIFICATION FOR ENGINHERING OF THE 


_ LAKE GREGORY AREA 



Classification of the Lake Gregory area was carried out by the 
Division of Soil Mechanics, C.S.I.R.O. in 1967. The strip of ERTS 
-image- investigated comprises parts of the Marrec, Kopperaraanna- and Gasoh 
1:250000 map sheets. 

. Four provinces are included in the strip 
province 43.001 
. - . province 52.001 


(Rolling Dov%tis Group) 
(alluvium) 


province 52.002 (aeolian sand) 

province 52.008 (more recent alluvium, colluvium) 

and the terrain pattem details for these arc given in Tables 5.1, 

5.2, 5.3 and 5.4. 

Plate 5.1 shows the terrain pattern classification map of the 
area (Grant, 1970 a,b,c). The differentiation of the map into the 
various provinces is as follows: 

Province 43.001 consists of six terrain patterns of which the 
four defining flat to undulating terrain are coloured blue. (Two of these 
aire of limited extent .) -^ The two represent ing-thc dissected -liighef 


surfaces correspond to the pink shades. - .. 

‘ Province 52.001 'is the yellowish green band trending north- 
westerly and transecting the northern half of the strip. It consists of 
a single terrain pattern corresponding to the alluvial deposits of -y 
Cooper’s Creek. 

Province 52.C02 is defined by the area in yellow, and consists 
of a single terrain pattern made up of extensive sand dune formations. 

Province 52.008 is coloured green, and consists of three terrain 
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Table' 5.4: Province No, 52.008 (from Grant, 1970 a,b,c) 
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patterns representing the drainage channels and lakes related to the 
Rolling Downs Group. The light green defines the pattern corresponding 
to the shallow lake beds while the dark green tones refer to the 
systems of channels and floodplains. 
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CHAPTHR 6: THGINIQUES OF MULTIVARIATU ANALYSIS 


6.1 Introduction 

A nunbcr of approaches are possible in the analysis and inter- 
pretation of the ERTS data. ?Tvo n£ these are_J. - .v— 

(a) use of mathematical netliods such as factor analysis and 
cluster analysis, and 
■- (b) analysis by ’signatures’. 

The first method Involves mathematical manipulations and trans- 
formations to endeavour to enhance tlie data to a stage where underlying 
correlations and patterns can be easily identified. 

The second method depends on a careful selection of ’signature’ 
areas so that the properties of individual attributes can be identified. 
The attributes for all video elements can then be compared to the 
’signature’ set to determine the classification for the whole map area. 
This approach, however, inevitably leads to dual classification of 
some elements and non-classification of others. It also has two 
important areas cf difficulty. 

-•*— Firstly, by defining ’signatures’ it is necessary to be certain - 
that, a particular area is really t>'pical of the t>'pe of terrain being 
defined and that each ’signature’ is defined once and only once for all- 
separate classes of terrain. This requires that the interpretative 
phase of definition of meaningful attributes is a first step in the , 
agglomeration of classifications, and presupposes considerable knowledge 
of the area being investigated. 

Secondly this approach also lends itself less well to wide-scale 


terrain analysis. For example ’signatures' of identical pieces of terrain 
will be different for different ERTS scenes (due to sun angle, time of 
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year, different surface conditions, ctc.V, which will, niean that for 
each scene it will be necessary to define a complete reference set of 
'signatures' for comparison purposes. 

The analytical approach on the other hand highlights differences 
in pattern and terrain with a basic technique -independent of the 
individual scene and leaves the interpretative phase as the last stage 
in the process, i.e. until the time v^’.cn maximum knowledge of the data 
IS available. At such a stage it will be easier to define meaningful 
class attributes and to determine the number of naturally occurring 
classes. “ 


6.2 Standardization 

Standardization of data is an important procedure in factor 
analysis and cluster analysis techniques and may greatly influence the 
results. If it is carried out by subtracting from each observation the 
mean of the data set and dividing by the standard deviation, so that the 
transformed set of data has a moan of zero and a variance of one. The 
value of each original observation will then be measured in terms of its 
standard deviation from the mean. This is a very useful procedure for 
comparing the distribution of one variable with another when the two 
variables are expressed in ‘different units of measurement or extend over 
different ranges. - - ' 

In practice, because factor analysis is concerned with analysing 
the structure of the variance-covariance matrix, standardization of 
each individual observation is not necessary before computation, since 
the covariance matrix of standardized variables is the same as the 
correlation matrix (Moroney, 1951; p.287). 
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6.3 Factor Analysi s 

Factor analysis nethods have been developed to assist iii the - 
resolution of multivariate problems, such as those in geology where 
10 attributes (say) may be measured on a number of samples. V.Tiat is 
sought are methods of ordering the saraplcs so that relationships between 
one scunple and another can be readily identified. Factor analysis ~~"'- 
techniques simplify such problems by transforming the original data set 
onto the noaiber of significant li.nearly independent variables. 

The method involved is to set up a variance-covariance matrix of 
the multivariate data set and recalculate scores for the samples along the 
principal components, wliich represent the new variables. 

There arc two categories of factor analysis, (a) principal 
components analysis and (b) factor analysis itself, of which principal 
components analysis wac chosen as the pi'cfcrred technique because in 
application, it does not require initial assumptions concerning the 
number of underlying linearly independent factors (sec below). 

6.3.1 Principal r .ompo ncni analysis 

.Principal components are simply the eigenvectors of a variance-^ - 
covariance matrix. . ~~ ~ V"-jr 

Suppose m variables are measured on a collection of objects. ~ 
Then an m ‘x m matrix of variances and covariances ’’can be computed, from-' 
which can be extracted m eigenvectors and m eigenvalues. Eecause”a - 
variancc-covariance matrix is jlvays s>'mmctrical , these m eigenvectors 
will be crthogoral, or oriented at right angles to each other, and 
therefore linearly independent, 

Tne total variance in our data set can be defined as the sun of 
the individual variances, which in a variance-covariance matrix, are 
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^represented by the diagonal elements. The trace of the matrix is defined 
|as the sum cf these elements and is equal to the sum of the eigenvalues 
i which represent the lengths of the principal axes. It follows therefore 

i 

that these principal axes also represent the ‘total variance of the data 

set, with each account ing fdF'an 'aj'nount CT The Tbtal-varitmce -equal -to - 

the eigenvalue divided by the trace. Thus, if the variation in the 
data set is measwrod along the first principal axis, the resulting scores 
will represent a proportion of the total variation in the original 
observations . 

The value of principal components analysis thus lies in enabling 
the selection of a minimum number of new variables which will account 
for a sufficient amount of the original variance. The linear trans- 
formation of the m original variables into m new variables is performed 
in such a way that each successive new variable accounts for as much of 
the total remaining variance as possible. If all of the m new variables are 
f computed, the total original variance will be accounted for. 

I In practice PCA is a mathematical manipulation rather than a 

statistical procedure, and its usefulness is judged more by performance 


than by theoretical cons idcrat ioiis However,' it assumes: some_q/_-the^ - 

characteristics of statistical procedures' when decisions are made to 
discard some hew variables whose contribution to the variance is con- 
sidered to be inconsequentially small (Davis, 1973; p.501) . Some tests 
of significance have been developed but these are based on highly 
restrictive assumptions (refer Morrison, 1967; pp. 247-254). 


6,3.2 Factor an al ysis 

Factor analysis is different from principal components analysis 
in that it is considered to be a statistical technique and relies on an 
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initial set of assumptions about the nature of the parent population 
from__which the sanpl es"were draw\. These are that the relationships ’ 
within a set of m variables reflect the correlations of each of these 
variables with p mutually uncorrelateJ underlying factors where usually 
P-:<^Tii. • Thus the variance in the la -variables is derived from yaxiance 

factors, but. la add it ionJ!a’ contribution* is made by uniqae^^^Ef^:;^ 
sources which independently affect the m original variables (Davis, 

1973; p.502). 

In order therefore to undertake a factor analysis it is necessary 
that~iT, the number of factors, bejknown prior to analysis. This implies, 
that the investigator has some jnsight into the probable nature of the — 
factors, so that these can be extracted, and the contribution of the 
unique sources isolated. 

Factor analysis consists of two procedures - R-mode and Q-mode 
factor analysis, R-mode factor analysis investigates interrelations in 
a matrix of correlations between variables. The factors which are 
created are new variables, formed as a linear transformation of the 
original variables. The approach is similar to that of principal 
components analysis in that each^sair.ple is redefined in terms of its 


__ factor (o r p rincipal_c^mponent') scores, Q-inode analysis oh tl^'T)ther^ 
hhnd'is concerned witli interrelationships between samplesT- Objectives ^ 

^pf Q-mode analysis are much the same as the objectives of clustgr 

Pahaly'sis (see later) which are to arrange a suite of samples' into_j_ 
meaningful ■ order so the relationship between one 'sample and another-'-' - 
may be deduced, A discussion of the various t>q)es of factor analyses 
is given by Cattcll (1965, pp 411-425), while Lav.Tcy and Maxwell (1963, 
Chapter 2) discuss significance tests in factor analysis. 
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6 . 4 Cluster Analysis 

Cluster analysis involves the placing of objects into homogeneous 
groups on the basis of individual characteristics or similarities so 
that any relationships between groups is revealed. 

Vt’ith the advent of the (Tomputcr ^methods' cTfliiimcficar analysis 


have assumed increasing importance over the analytical and interpretative 
approach of the individual specialist. Basically there are two approaches . 
which can be employed in cluster analysis. These are (a) agglomerative 
classification and (b) divisive classification. 


6,4,1 Agglomerative classification 

The approach of agglomerative classification is that individuals 

are progressively fused into complete populations on the basis of a 

selected measure of similrtrity. 

Suppose there are a collection of objects which are to be 

arranged into a hierarchical classification. On each object, a series 

of measurements can be made which constitute the data set. If m charac- 

■* ..... * ^ 

tcristics are measured on n objects, ‘the data set forms an n x m matrix , 
which can be used to calculate a measure of resemblance or similarity 
between every pair of objects. Several coefficients of resemblance 
(c^j) can be used, including the correlation coefficient and a 

standardized m-space Huclidian distance, d^^ computed by .* 


m 


d. . 
13 


^ kii 

m 


where denotes the kth variable measured on object i and is the 
kth variable measured on object j. In all, m variables are measured on 
each object, and d^^ is the distance betv;een object i and object j. A 
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low distance indicates the two -objects are similar or ’’close : -Iv. - - 
together”, whereas a large distance indicates dissijiiilarity (Davis, 

1973; p.457). 

Computation of a similarity measurement between all possible 
objects results in an similai^ty matrix wi^ 

coefficient giving the resemblance between objects i and j. By 

arranging the objects into a hierarchy so tliat objects with the highest 
mutual' similarity are placed together then each of the objects becomes 
associated with 'others i.'hich it most closely resembles, 
r" ^ order' to jofn the objects into groups beyond the first level 

• -ri'. 

of association several techniques have been developed and these are 
discussed at length in books by Tryon and Bailey (1970), and Sokal and 
Sneath (1963) . One simple technique is the weighted pair-group method 
with arithmetic averages. 

In this scheme the next step is to find the mutually highest 
correlations in the matrix of coefficients. ^J\y two objects which form 
mutually high pairs (whose coefficients c^^ and c^^^ are the highest) 
are joined and their new correlations vdth all other objects calculated 
-:*3. * sjiiply_-bV arithmetic averaging, similarity m^atrix~ is "then _r^^mpute4^_ 

treating -grouped or clustered elements as a single element~;_f^'j^-' ' " ' r ~ 


-This procedure is .then repeated by reclustering. mutually .high— 
pairs until all clusters are joined together. ! " 


6.4.2 Divisive classification 

In practice agglomerative methods such as outlined above when 
used for classification by digital computer suffer from three disadvan- 
tages. First, the pro -ess begins at the inter-individual level, where 
information is minimal aind the possibility of error high, and in a 
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hierarchical procedure fusions once made are irrevocable, no matter 
how unfortunate they may later appear to be. 

Secondly, for n individuals the process begins with the calcu- 

• w * 

lation of all Kr.(n~l) inter-individual measures and when n is large 
as is often the case, the programs tend to be time consuming and com- 
putationally expensive. 

Finally, it is necessary to compute the complete hierarchy (in 

2 

most cases requiring (n-1) calculations) when usually only the last 
few intergroup fusions are all that is required. 

An altemate approach, also effective In terms of producing 
meaningful classifications is a divisive strategy, whereby the complete 
population is progressively divided (in practice always dichotomously) 
until a desired level of subdivision is attained. 

A practical example is program POLYDIV, a divisive clustering 
program developed by V/illiam.s and Lance (1975), for use with all-numeric 
data. This acts by reference to all attributes simultaneously. 

In a divisive approach the first procedure is to extract the 
eigenvectors from the standardized data-matrix of correlations. Next a"^ 
string of scores, one for each individual is calculated on the first 
principal component. This string is ordered and divided into two sub- 
groups at the point where the between-group sum of squares (of deviations 
from the mean) is maximum.’ Each sub-group is now treated exactly as 
was the primary population and by repeating the process the number or 
groups required can be obtained. 
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ClIAPTUR 7; COMPUTER TCCMNIQUHS 


7.1 Introduction 

. .. Analysis of the IBM conpntibl c.ERTS tapes was carried out using 
^roprarjs specially written for this- investigation,, or— ad^ipted. -froair~:l.l::: 
standard subroutines. The analysis was a multistage process consisting 
of the development of 

(a) routines to output the results pictorially on a line printer, 

-- (b). routines to rcfoimat the IBM compatible ERTS tapes into CDC * .. 

— ^ Cyber compatible mode, — - — ^ 

(c) routines for determination of statistical properties of the 
data, 

(d) methods to correct and filter the original data, 

(e) programs to carry out a principal component analysis of the 
data to assist with evaluation and classification, and 

(f) techniques to allow application of cluster analysis 
procedures. 







PrVslen’tation of~TCSu3ts 


For purposes of comparison and interpretation of the data the^ 

cost convenient presentation was pictorially or graphically. Tl^is would. 


enable jdircct' correlation to the_base 1:250000 terrain patte^^map 


being used as 'ground truth'. V.Tiat was needed was a fast, reliable, 
accurate and reproducible method which could differentiate the results 
sufficiently to allow this to be carried out. 

A suitable solution involved the use of shade-prints. 

Macleod (1970) developed an improved technique for the production of 
pictorial output on a computer line printer based on an earlier technique 
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by Perry and Mendelson’ (1964) . Using this method a reasonable black- 
white contrast ratio can be obtained by overprinting up to eight 
characters. 

The possible cl'.aractcr positions on a line printer may be 
considered as cells in a tv\fo-diinensional array. (On the standard CDC 
printer this array has 'a"**v;idth'o'f T36 character positions without - ' 
limitation on length.) 

By choosing the character for combination of overprinted 
characters) printed in each cell on the basis of average print density, 
a pictorial representation of any desired t^^ro -dimensional data may be 
generated. However there are limitations to this tecluiique, viz. that 
the maximum number of horizontal characters in a line of print restricts 
the horizontal size of the picture (unless it is assembled from several 
strips) and also such pictures will be inferior to those produced by 
special purpose hardware. Nevertheless the convenience and ready 
availability of a line printer is in many cases sufficient advantage to 
outweigh loss of quality (e.g. McCloy (1976) implemented techniques 
for the generation of gray scale pictures on a Calcomp plotter. 

This produced higher quality output than shade prints because. each 
element could be plotted contiguous with those adjacent whereas in the 
case of a shade print the inter hammer positions' 'remain white.. However 
small plots sized twenty by fifteen cm took over two hours to ge'nerate 
which for this investigation was considered impracticable.) 

The print output was produced on a CDC 512 line printer using 
a well inked ribbon and medium print pressure. 

The density code values as used by Maclcod were initially 
selected and resulted in twenty one density levels, as set out in 


Table 7.1. 
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Character 

codes 


Read i nr. 1 Reading 2 Reading 3 Reading ^ Selected 



Table 7.1: Selected character codes showing density levels 
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A sample printout was run off which consisted of adjacent 
stripes of the selected levels on a page of output (Figure 7.1) and 
an evaluation of the gray level for each stripe was carried out using 
a Baldwin reflection densitometer from C.S.I.R.O. National Measurement 
Laboratory, Chippendale, N.S.W. The densitometer v/as able to integrate 
the reflectance values over a circul ar" aperture "of diameter tliree- 
sixteenth of an inch. 

Four independent readings were taken for each band v.'ith the 
results printed out in Table 7.1 and plotted in Figure 7.2. 

These show that there is a gradual gradation in gray level from 
white to the most dense value which in combination with the inter hammer 
spaces results in a measured density value of .43. 

Visual experiment with the character codes indicated that nine 
were adequate to give a reasonable picture definition. The codes 
chosen were at approximately equal spacings on the density scale and 
are indicated by an asterisk in Table 7.1. 

In addition to providing shade prints, the option v;as included 
to print out actual values (of members of the full Cyber character set 
from 0 to 63), so that individual’ analysis of a specific map or hand 
contouring of particular sections of the output could be easily carried 
out. 

The computer routine written to produce the original 21 levels 
is printed out in Appendix 1. “ 


7 . 3 Reformatting the ERTS Tapes 

The ERTS tapes consist of IBM compatible 9-track, 800 bpi, 
mixed binary and EPCDiC coded tapes. A scene is divided into four strips 
comprising one file each and packed two to a tape, 'fhus one physical 
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Figure 7.1: Shade print of selected character codes. 
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Figure 7.2; Density values for selected character codes. 
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tape consists of strip 1 and strip 2 of a scene, and a second pliysical . 
tape comprises strips 3 and 4. Each strip is terminated by an end of 
file marker. 


The MSS file is made up of three basic t>'pcs of records 
containing identification (ID), annotation and video data. 



. The 40-byte (or character) ID record is tlic first record on the 
_tape, and appears only once per tape. 

This contains information on the scene/frame ID in both EBCDIC 
~T and binary code (given in terms of days, hours, minutes, and tens of 

• T- 

seconds since launch) and indicates the spectral band, sequential 
subframe ID, and that the data are from ERTSl. It also includes details 
on the strip sequencing numbers (1 of 4, 2 of 4, etc.) in both EBCDIC 
and binary code, which distinguish the tapes in the set of four, and 
indicates the length of the data record (the length of the adjusted 
scan line plus 56 bytes of calibration information). Tne image annota- 
tion tape (lAT)ID used in making the CCT is also identified. Other 




characteristics of the data such as decompression, calibration, and 



line length adjustment -are also given.- , Full dctailSipf the format and 
content 'of the ID record are giyenfin’An^ (1972)~~T.able l,^p;6r"^^'^ 



7; 3.2 ■ Annotation record 
" ‘ The annotation record is the second record cn^the tape. It 

occurs once per tape and contains 624 characters. The annotation 
record is a cor.posilc of two records taken directly from the TAT. The 
first 144 ch.'iracters comprise the annotation block, and the next 480 
characters comprise the image location record. 
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The information incliuled in the annotation data block is 

• T 

specified at the time of RUV exposure or at the centre of the MSS 
frame. The format and content of the characters are defined in detail 
in Anon (1972), Table 2, p.ll. This Mock includes details on time of 
exposure, latitv:de and longitude co-ordinates, sun elevation and 
azimuth information, orbital path .'"photographic settings aiid'pfocessing 
methods . 

The image location data describe the tick marks that associate 
the scene with latitude and longitude. There can be a maximum of six 
tick marks per side (i.c. left side, right side, top and bottom). 

7.3.3 Video data record 

Tlie basic clement in the video data record, the data word, 
consists of eight bits, of which seven are used if the data mode is 
decompressed (bands 4,5,6) and six for linear mode (band 7). The 
following illustrates the data word foi the two modes: 

Linear: OOXXXXXX Decompressed: OXXXXXXX 

The X*s represent the video data bits in the word (eitb.er one 
or zero), giving a range from 0 to 127 in the decompressed and 0 to 63 
in the linear mode. Individual values represent the variation of 
the radiance level (0 represents black, 65 or 12? as appropriate 
represent white, and the values in between represent all the shades 
of gray). Special values indicate flags (11111111 or 255, is used as 
the registration fill character). 

In order to obtain a video data record which includes informa- 
tion from ali four spectral bands, the data from the bands are grouped 
together in a process called interleaving. This is an operation in 
which two bytes of data from each band arc interleaved to produce an 
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eight-byte "group”, which is the smallest clcjncnt of interleaved data. 
Each pair of data samples in the group represent the same two points on 
the ground, for each of the four spectral bands. 

As discussed above registration fill characters €?.re included 
In the first and last three groups' (the first three grwps_of each - * 

quarter scan line on tape 1 of A and the last three groups of ea^ ^ 
quarter scan line on tape 4 of 4). 

- . _ -Tlius the first and last three groups are respect i vel y _ 

- 00 00 00 XX 00 00 XX XX 00 XX XX XX and 

- XX XX XX 00 XX XX 00 .00 XX 00 00 00 

where the O's represent fill characters. 

For this scene the line length was 3240 bytes per band or 810 bytes 
per strip which, when interleaved, produced 405 groups per line. 

In addition to these 405 eight-byte groups the ERTSl video 
data record consists of a further four 14 -byte calibration groups. 

These contain calibration data for each of the four MSS bands. Each 
group contains six calibration wedge samples, a sun calibration 
coefficient, correction coefficients (filtered offset and filtered gain) 
and the value of the unadjusted line length for a band.-* 



7,3.4 Computer program for reformatting 


, Before the video data could be read on the Cyber 72 an inter- 

mediate stage of reformatting was necessary’ because the Cj^er word-— -- 
size consists of G-bit characters, whereas tlie IBM mode comprises 8-bit 
characters. A G-bit character means that only the values from 0 to 63 
can be represented whereas S-bit characters have a range of 0 to 255. 

In fact the video data ceded on the MSS CCT’s has a valid range of only 
0 to 127 because of the use of 7 bits only. 
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j Standard j^ackaae is cavallabic ou .the Cyber to translate 

)IC S-bit code into Cyber 6-bit code, but this only carries out a 
f-to-one mapping of the 64 common FECDIC codes (the alphabet, digits 
common sxmihols wliich have discrete valuc.s but do not comprise the 
0-63)._Thus preprocessing was neccssai'y to map tlic video codes 
;nge 0 to decomprc.ssed (bands 4,5,6") ard 0 to 63 linear (band "7}) 
lO a maximum 64 codes spread within tlie range 0 to 255, for translation 
^0 a 0 to 63 Cyber set. Hovover there were two complications. First 

r 

|y 63 of the 64 Cyber codes are discrete, code 51 being identical to 

le 0 due to the magnetic tape handling characteristics. Secondly in 

lition to the valid v'idco values it was necessary tc allow for 

irious values outside the range (e.g. registration characters). 

The original values were therefore mapped to the necessary set 

63 by halving the decompressed values and combining 0,1 aid 62,63 
well as values outside the range to single values, hben these 
coded values were input to the Cyber the EBCDIC conversion routine 
en translated the values to the required 63 codes as set out in Table 
2. (The question as tc whether halving the decompressed data does in 
LCt result in some Ir s of information is an interesting one. All 
inds arc actually read by satellite in the range 0 to 63, but bands 
,5,6 arc decompressed during processing by N.^SA to range 0 to 127. 
cCloy (1976) has produced cumulative frequency tables for individual 
ata elements for the decompressed b'.nds which reveal a stepping effect 
ased on adjacent levels. When adjacent pairs k^alues are combined 
o form a 64 level set this effect disappears to give a smoother distri- 
bution. This leads him to suggest t.aat decompression of the bands is 
'ji artificial process which does not lead to conveying more information.) 

The reformatting progran also checked the ID record and the 
<VNN0TATI0.N record whidi were printed out for confirmation but not trans- 
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Table 7.2: 


Original video values translated to selected Cyber codes. 


ORIGINAL PAGE 13 
OF POOR QUALITY 


fcrrcJ to the Cyber readable tape, llie problcro of scene location was 
dealt witl\ by visual al i j’nmeiit , while problems of sensor correction 
were handled using statistical methods (see below). 

The conversion pvograi:i was written ami carried out on a Pigital 
• PDP 11-40 com'Haer and i r.- listed out in -Appendijt 2. .. ~"~ 

7.4 Correction of Original Data 
6.4.1 St rd ping pi obi w..;s ^ 

’Ihc one significant problem that needs correcting for is the 
problem of striping. Striping problems occur in the origiiial CCT 
video data and can be divided into three basic types. 

(a) Radiometric striping which is characterized by variations in 
the film density of imagery wliich should be uniforn. Those variations 
arc repeatable and arc present in the digital data in the same mtmncr. 

This t>'i>e of striping is due to slight differences in sensitivity 
among the detectors, and is largely compensated for during processing 
by NASA. 

(b) Sixth Lino striping whicli is characterized by a variation in 

every si.xtli scan liiic of six quiLntar. levels or niorc from the average 
quantum level of the other scan lines. It is caused by intermittent 
hardware problems. . 

(c) Striping duo to intermittent problems which include partial 
sync loss, full s>tic less, track loss or disable, bit slips and demux* 
noise (Ar.on, 1975b; p.27). 

Correct icn for all striping cffect.s was carried out by a 
statistical approach involving the Ciil dilation of mean radiance values 
of each detector for each of tlic four bands. This tccliniquc depends on 
the assumption that the image approximates a random distribution in which 


! 
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the true liTcahs for each of- the- line sensors should be identical. — 

A conputer program (Appendix 3) was wTitten to list out a 
frequency table and cumulative frequency table for the strip being 
invest iga^d. This also prints out the frequency distribution curve 
-e^eh "h -as Ve 1 1 as that^or the. norma 1_. curve of identical mean 
and standard deviation (Moroney, 1951; p.109). 

The frequency distributions are given in Tables 7.3 a and b, 

- and the actual and normal curves for each of the four bards are 
.presented in-Figures 7.3 a,b,c,d. Bands 4,5 and 6 show a marked 
predominance of certain ref lectance -leveli vepresencing differences in 
reflectance levels of the image. Band 7 gives a smoother curve with 
some negative skew. 

A computer program was also \^itten to calculate the differences 
for the six detectors for each band and this is given in Appendix 4. 

The differences as set out in Table 7.4 are used as the basis for 
corrections to the original data. 


7.4.2 Filtering 


•_ The problem of r^sOpfetlcposed noise. or fan^ni^ariatipn \ - - 

the signal has not been found to be an important factor~with ERTS data. - 

l^cCToy XT^.6) investigated 'this problem by taking single lines on 

uniform _surfaces such as the ocean. He found that the standard deviation 
of individual values for each band was in the region of 0.3 to 0.5 of 
a single level wliich is considered to be an indication of the noise 
level. By combining individual pixals into groups for analysis 
(approximately 10 x 11 in this research), any noise occurrence is likely 


to be reduced even further. 



Table 7.3a : Frequency distribution and histogram 

for bands 4 and 5, 
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Table 7.3b: 


Frequency distribution and histogram 
for bands 6 and 7. 
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Figure 7.5a: rrequenc. 
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Frequency curve for band 6 with normal curve 
of identical mean and standard deviation. 
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Table 7.4: Means and corrections for the six detectors - 

for each of the four bands. 
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rorriiUtip:' for 


Since cndi I.KTS scone c*'vr 


iJica voi 


oiT;bineU into groups 


ncans that individual video elcnonts or pixais ax 


of approximately 10 x 31 for display 


to gather data into 


is listed cut in Apron iix F. Inis routine 'also 


subsequent analys 


incorporates code to apply the sensor corrections a 


In addition, one further correction is required to 


The satellite is orbiting in a near-polar orbit 


of the eartl 


traverses a scene, the rotation of the earth introduces an apparent 


slip between individual lines. Green (1976) has derived a formula for 
slip correction based on calculations by Kratky (1974) of ERTS oraital 


geoitetry 


CCS (sin riT 17 cos ( A 77 ) /0 . 05 


A = angle of orbit (9 d 
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7.6 Output of Selected St i i p • * - — — 

By incorporating the:iO corrections in a prograjii to output shade 
of character prints, pictorial representation of a particular strip can 

be generated as required. The program .to do this is given in Appendix 6. 

It inciudoa. .provision -to aclect. intervals* to corres^wnd to tae'^gray scale' . 
codes, tlic choice of output as shade print or character output, and tlie 
ability to choose one or all four of the various bands. 

Shade prints for the four bands for the Lake Gregory scene are 
given in Plates 7.1, 7.2, 7.3 and 7.4. . 

These can be compared to the I-RTS photographs of the whole scene 
as given in Plates 3.1, 3.2, 3.3, 3.4. hliile as expected there is a 
considerably higher degree of resolution in the photograplis, the shade 
print technique allows a high level of differentiation of the pattern 
structure. 


7 . 7 Calculation of Principal Components 

From the condensed array of 73 x 233 data elements for each of 
the four bands a 4 x 4 matrix of variances/covariance.s can be set up 
in order to calculate ‘all of the principal components. By finding the*"— ^ 
means and standard deviations of the data, the variances and covariances ‘ 
of the four^bands can.be determined in both non-standardiied and 

9 

standards red foimi (tlie latter forming a matrix of correlation coefficients) 
and used for calculating the e'igenvcctors and eigenvalues. 

A number of standard routines are available to calculate the 
cigenvectcrs/eigciivalucs and these can be called from the Cyber 
mathcmatical-scicncc library of computer subroutines. Subroutine 
EIGSYM was selected for this purpose, as this method takes full advantage 
of the S)T?jnetry, reducing the original matrix to tridiagonal form by 
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Plate 7.2 ; Shade print of band 5 for strip 1 
Lake Gregory scene. 
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Pl^te '7,4 ;• - Shade print of- band 7- for “strip 1 
Lake Gregory scene. 
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--- •.i f I > *. ‘‘loJ ^ for oasy st»lution. - 

"Iir to set up the v:iri;:iice covari ::nce to 

:ie ; <ta:'.J.anli zed and non-stand.ardi zed ei gemve: ers ei^zen- 
:r. .\]ipendi\ 7. Tlie rc.-ults are sot out i:: 7'aolo 7.!>, 
:t-r jnrr"> and standard doviafj oas^ I'or vi'.c Uori-st. j;r/-dl;ou-data. 


c igonvalucs. shpws-jchaT. The rirst prji 
\l;c variance in the e.rii;in.il era a, wi 
it. represents': TS".; of the orif;innl va: 



eouponent 

^ ^ r . -- • 

- V 

n- the 



ton of Ortrjrtal Ihiia onto Pr 


calculated the four principal cc:.rponcnts Th.e ori'zinal 
e transforned onto these axes sir.ply by post’valt i plying 
X by the respective eigenvectors. The progv;r-, to 
J.TO the scores of the data elements on the principal axes is 
it; d.rr radix S. 

Ir. erder to allow visual interpretation of the distribution of 
? s!:.ad-c printouts of suitable contour intervals, or character 
:*.:ts for each cf the principal component transforn;?: i or.s can then 
the prorret previously given in. Appendix e. 


esuitS-Tur- tiie ngj-ziaiizec xaita^ trnr.si oi’mcc -c-nt-o the-first - 
incipai .ccaraar.ents" for the Lake Gregory aicj, are given iii - 
a ..6. To assist in direct co'~.parii on witJi t)ie prints of * 
bands, the. -shade prirrt.of the scores on_ti:c fir.st -principal 
also printed in negative (Plate 7.7). 
n easily be confirmed that the transfonzed data has 
indicated by the eigenvalues. (Tne program as given in 
Iculated variances for the standardized data of 3.1186 
the scores on the first ard second principal axes.) 
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Table 7.5 : Vsriancc/covariance matrices, eigenvalues 

and eigenvectors of Lake Gregory area. 
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Plate 7.S: Shade print of. the standardized band 

data transformed onto the first principal 
component for strip 1, Lake Gregory scene 





Plate 


79 


ORIGINAL PAGE 19 
OF POOR QUALITY 



,6: Shade print of the standardized band 

data transformed onto the second principal 
component for strip 1, Lake Gregory scene. 
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To allow more detai loU investigation for the standardized data 
a program was written (Appendix 10) to set out a frequency plot of 
scores on the first and second principal axes (Figures 7.4 a,b). These 
show a bimodal distribution of scores on the first principal component, 
and a lognormal type distribution along the second principal component. 

Alternatively the frequent^ of occurrence can be printed as an 
array in two dimensions (Figure 7.5). This also reveals the double 
clustered nature of the data along tin first principal component and 
the broad extension of scores along the second principal component. 

These plots allow a straightforward classification of the map 
area to be carried out sii.iply by selecting breaks in the continuum of 
scores on each of the axes. Such a threefold classification, based on 
the two nodes of the first principal component and the tail of the 
second principal component, results in a subdivision of the area as 
displayed pictorially in Plate 7.8. 

By approaching classification through the delineation of natural 
clusters (i.e. areas of higher concentrations) the structure of the 
scores can be investigated b>’ deterinin i.ng residuals. A computer program 
(Appendix 11) was writ leu to calculate the residual at e.nch point, by 
subtracting from the actually occurring concentrations the average of--^ 
values calculated on the grid of surrounding points. Residuals calcu- 
lated on this basis for 9x9 grids are set out in Figurc^7.6. 

These also highlight the excess concentration of values around 
two nodes aloi’g the first principal axis but do not reveal any other 
significant groupings. 

7 . 9 Cluster Analysis of the Oata 

Cluster analysis was carried out using program POLYDIV 
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; l._ .. Plate 7.8 :' ' Shade print of a three-fold classifica- 
tion bared on the biiaocal distribution 
t on the first principal component and the 


? logncrrual distribution on the second 

I principal component. 
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Figure 7.6: Residual values of ])rincijial ccmponent scores 
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(Williams ar»d Laiice, 197?) whiclrwas written for the CIjC Cyber 76 to 
handle data cliaractorit ed by a large number of individuals (sometimes 
several thousand) each with a small number of numeric attributes. It 
aual\ses t’le data I'rcm a divisivc^.polythctic approach siui lar_to that 


s cd .. i n t Ive ^-r"' p • i 


suitable fo 
attributes , 


use r,:\ KiVl'? d.ita wlicrc eac'n data clei.'e.''.t lin? four 
and an acglcmc rative strategy would be out of the question 


because of tiiC cnorr..».us coriputing ovc-il'.Lacl. 


The cluster analysis procedure is to transform tlic standardized 
original data ontetthe first principal component and to divide the 
ordered string at tlie point where the between group suia of squares (or 
deviations from tiic mean) is maximam. The data is dichotomized at this 
point, and the constitution of the two resulting sub-groups printed out. 
Each sub-group is then treated exactly as was the primary population and 
the process repeated until the required number of groups has been 
obtained. The order in which the groups are dichotomized is on the basis 
of group heterogeneity. This is calculated as the within group sum of 
so^uares and is a measure of the -CvVnesiar. of the grwp. • - 


-hich initially required card* input w'as' mbdified - 
- to accept data on magnetic tape; and also adapted -to the C>*ber 72 
computer. The outpu.t was “also modified to transfer the results onto 
. cagfie tic- tape f-or analysis- a.nJ- pictorial . dish lay..--^ The^results of the 


cluster analysis showing the relationship 
of the first twelve ciscrete clusters are 
in Figure 7.7. The parameters associated 
mization on the first principal component 
This shows t’ne order of dichotomiiat ion. 


s resulting from the production 
given by means of a dendrogram 
with each successive dichoto- 
are set out in Table 7.6. 
the cluster pair resulting from 


each division, the parent group from which they were formed and the 
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heterogeneity values associated with the resulting clusters. The ^ 
coefficients of the first principal component used for cluster division 
and the percentage of variance it represents are also given. 

By using the character array option of the pictorial output 




program ‘and co 1 ouripg t H fc if icfttioiT cb^e^ ^ 
the spatial distribution of the first four and the first seven discrete 
clusters respectively can be shov.»n as in Plates 7.9 and 7.10. 


ORIGINAL PAGE IS 
OF POOR QUALITY 




Plate 7.10: Distribution of POLYDIV clusters 1 to ;7 

, for. strip 1, Lake Gregory scene. 
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aiAm;R S: * discussion oi- thh uisults 
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8.1 


Trans fo vnntio n s onto Principal Componen ts 

'Die results of tho calculation of tho principal co.nponents 



principal ccnipcr: 

original data while the second accounts for over 16 per cent. UTien the 
original data is standardined the . resulting first principal corijcnen.l 
accounts for over 78 per cent of the original variance and the second - 
. -principal component almost 20 per cent of the variance. In both cases' 
the first two principal components account for almost 98 per cent of 
the variance in the original data. 

Thus the infonnation contained in the four spectral bands can 
be interpreted by analysis in two dimensions with negligible loss of 
information. Indeed most of the detail is contained in the first 
principal component which allows considerable analysis from a single 
dimension only. 

The results also shov/ that for this investigation the question 
of whether or not the^ original data' should be noimialized is'" really 


" ^'-7 u nimportant , since b^ih the xoit) and magnitude of the transforinations • 

are almost identical. j Therefore the decision to carry the analysis . — 

througli on -the standardized data set was taken on the basis that the ’ * - 
cluster analysis program TOLYDTV "operated on standardized data/ and- — — 
this allowed more ready comparison between the methods. 

Inspection of the eigenvectors involved in the transformations 
sho*.-;s that the first principal component score is created as the 
negative sum of approxim.atel y one half of each individual band value. 

Thus the relationships of the string of scores on the first principal 
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component aie the same as those produced by simple addition of tlie 
respective band values. On tlie other hand the second principal 
component is created by the application of negative coefficients to 
bands 6 and 7 and positive coefficients to bands 4 and 5. This implies 
IVi.: - that'"there are c ertain:fi;inderlying. features^ in jorigi«al_data which-™^ 
arc represented in terms of liighcr reflective values in band 4, 
moderately high and low values respectively in bands 5 and 6, and 
areas of lower reflectance in band 7. ~ 

Ivhile it could be argued that a plot of scores similar to that 
measured on the first principal component could be arrived at 
intuitively, trial and error methods would be unlikely to highlight 
the transformation involved in determining the second principal com- 
ponent, and certainly v.’ould not allow confident interpretation and 
deductions as to the relative importance of such plots. 


8 . 2 Classification by Cluster Analysis 

Classification by program POLYDIV to the level of twelve 
discrete clusters was carried out in order to investigate; the under- 
lying composition of the original data set. -Such an extensive grouping 


of the. data goes at least to the point where resolution and inter-— : ' 
pretation in terms of meaningful terrain features is practicable. 
However the parameters associated- with this level of clustering high- 
light certain relationships. " - • — 

For example Table 7.6 shows that nine of the twelve first 
principal components (which the cluster analysis uses as the basis for 
dichotomization) are defined by eigenvectors all closely similar in 
form to the first principal component of the principal com.pcnent analys 
(Table 7. 5). In turn the eigenvectors defining the other three are all 
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- closely siinilar in fom to the second principvil component of the PCA-, 
Tliis confiri.ii: tlic f*»ct that the relationships between all the original 
elements are almost totally revealed by transformations onto two axes. 

_ The cluster der.drograii (Tigurc 7.7) also shows that classifica- 
^ t ion along what in tke'PCA is. thcrseccn:T.princip<*i 

as three separate stops in the cluster analysis procedure resulting 
from divisions of three distinct parent groups, viz. 3, 7 and 13. 



8.3 


Intcrpre^ntioh of the Analyses 


8.3.1 Original data ■ — 

^ 

On the shade prints for eacli of tlie bands (Plates 7.1, 7.2, 
7.3, 7.4), the dark areas indicate regions of low reflectivity whereas 
the lighter areas indicate more reflective surfaces. A table has been 
drawn up (Table 8.1) which relates the reflective characteristics of 




each image to the terrain classifications of Grant (1970 a,b,c). 

(a) . The feature highlighted by band 4 is province 52001 which can 
be identified within the area of highest reflectance values. Also 
included within tl.ose higher reflectance values is terrain pattern 00 


pf province 5200S. ,_^f^vir.ccs S2C02 
■■-indistinguishable v.-lrhin the areas' 
• (b) band 5 shov/s a less clearly 
52C01; which was presented in 


and 45001 in the south- are 
o f 1 owe^fefl ec tanc©'^ t ,,_1 

defined pattern structure. Provincc- 
ba.nd -4 , . is here peer ly. define.d vvitjtin 


province 52002. . Ttr the south province -15001 is, broadly distinguishable: — 
as an area of iewer reflectance, while province 5200S corresponds to 
some areas of high, neutral and lew reflectance. 

(c) In band 6 quite a good level of differentiation between all 
four provinces in the region is attained. As in band 5 province 52001 
can be identified with the region of high reflectance values and 
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province Sn002 is Uistinf;uish;jblc as an area hip.hcr in reflectance 
than province 43001. Province 52008 is represented !by the areas of 
lowest reflect .incc. 

(d) In hani! 7, province 52008 can be identified most clearly as 
icp.ions of lov;est reflectance. The differentiation 'cf pi'cvinccs 52002 
and 43001 remain as';oood as' for band 6;" but separation of province - • 

52001 from province 52002 is difficult. 

. Thus all bands contain considerable iurcrinacion on the 
provinces in the area, but the juajor problem is to decide between the 
bands what are the significant pattern structures. Correlations with 
the terrain pattern map (above) show that careful selection of 
boundaries can result in a close demarcation of individual provinces, . 
but a correct selection depends on such a priori knowledge of the 
teiTain. Here province 52001 can bo marked off on band 4 and the 
areas of low reflectivity constituting province 52008 marked off from 
band 7-. Tlic gcnoral line of demarcation between province 43001 and ( 

province 52002 can be selected from bands 6 or 7. ^ 

But what is needed is a method of collating tlie details of ! 

all four hai..’s soothe choice of meaningful boundaries is simplified. ^ 

This is the value of principal components analysis, in which the 

— • - I 

greatest amount of the information' in the four band? can be reduced to 
a single set of data and virtually all for solution' in two dimensions. 

8.3.2 P tn cipal Components analysis 

The results produced by transformation onto the first and 
second principal compoiicnt.*^ are shown in Plates 7.5 and 7.6 with dark 
areas representing low scores and light areas high scores. (For case 
of comparison with the four original bands the principal component is 
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_giveii in negative in Plate 7.7.) - 


By coinjiaring these results to the original bands it is clear 


that there has been cnlinnccment of tlie original data and increase in 


- resolution bet ween’ uhat arc kncw.n t o be important features of the 


-tThc -rc^^u] ts aro-^set .out . in, tabu? ar. forni.in Tablets*! 


On the first principal ccmpurient prcvincc sliows up as 


a distinct feature of low scores, while the boundary between province 


43091 and prt)vincc 52002 is well liiarked as- a difference in levels; . As v_ ~ 


in ban<ls 6 and 7 there is reasonable differentiation of the structure 


within province 45001. * 

However on the second principal component most strikingly 
defined are the areas of very high scores. Tltese correlate closely 
on the terrain pattern nap and aerial photographs to pattern 00 of 
province 52008 which represents the lake and playa areas containing 
water. 


Tlius the problem of boundary selection has been considerably 
reduced from the original 4-band ERTS set. First, the areas defined 

by high scores on the second principal component could be marked off. . - 

p-^f ne jpal_com})on.ent -coui<i be 'subaivldt^ on- thoz 
-- z — structure, with four groups being-selected corresponding 
7 ’ . .to the provinces already described. - - ' : . ■ 


Hoveever as an alternative approach, rather than interpret” the._-^---T- - 

data visually, the area could be subdivided "on the basis of the cumu- 
lative frequency plots of scores on the first two principal components. 

These reveal sufficient detail on the stiucture of the data set to 
encourage broad classification, and snow the scores being grouped into 
three underlying .natural elements identified separately by the two nodes 
in the first principal component and the extended set of values along 
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the scconc’ principal coinpom.nl (Figures 7.4 a,b). 


In Plate 7.8 the lower value node on the first principal 


component (represented by the intermediate shading) contains provinces 


52001 and S2002, i.hile tlic node of higher scores (represented by the 


darker shading) corresponds in e.xtent to province 43001. The high 


( , scores on the second principal component (unshaded areas)- corj'espbnd 

quite closely to pattern 00 of province 52008 (the water filled lakes . .-'.— i I'i -'i. 


and playas) . 


These rc suits -iruply underlying associations within the terrain 


which are not intuitively obvious from classification by 'landscape' 


analyses. For example, one suggestion is that province 52001 and 52002 


are genetically related, being as they are, both contained within a 


single node but distinguishable as the lower and higlier scores respec- 


tively. Similarly of interest is the association of terrain patterns 


01 and 06 of province 52008 with province 43001, which are once again 


separated out on the basis of higher and lower scores respectively. 


Thus while province 52001 and pattern 06 of province 52008 both 


consist of drainage features, stream channels, flood plain levels, etc. 


they are placed the most distant on the spectrum of principal component 


-scores . 


On the second principal component the differentiation is between 


the tail of high scores representing pattern 00 of province 52008 and 


.the rest of the terrain types contained within the single node. .This 
can be interpretea as revealing a basic distinction between the water 


filled lakes and playas and the consolidated and unconsolidated land- 


forms of earthcrii materials. 
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8.3.3 Cluster a nn 1 ysi s - 7 . —7 ' 3 

On Plate 7.9 showinit tlic first four discrete classifications as 
determined by program POLYOIV, the colour code is 
. . cluster 4 = white 

. cluster s «4»lacl; 

clustei' 6 ” blue ' ■" ■ — 

cluster 7 = orange 

utiilc on Plate 7.10 sh'”..*inf the firit seven discrete clusters, the: i -■ 
iolour code' is . . .. - .. - 


cluster 

4 = 

white 

cluster 

8 = 

yellow 

cluster 

9 = 

black 

cluster 

10 

= dark green 

cluster 

11 

= orange 

cluster 

12 

= red 

c*a.^tor 

13 

= blue 


(where the cluster naubcrs refer rv> those of the dendrogram. Figure 
- 7.7). 

Ixjoki’ig at the j?rcscritatioir~of These Tcsulrs ^^^" thos e' . p T odx Jc^4::r:r. 
^y, PCA (Plates;. there is^ excellent* correlaiicn between.; the-.,!. • _ - 

— — ~ ~€lus ter s and the pattern features of the shade prints. - I I 

At the first level of resolution cluster 4' corresponds -to the.- "•* 

detail given in the second principal • component, .^v.-hile cluster^_S, ,6.and 

7 can be identified as the aress of highest, lowest and average reflec- 
tance values respectively on the first principal component. At the next 
level of differentiation a direct comparison can be made between 
clustCTS 8 to 1-3 and the detailed features prodi:ced by the PC.4. 

Alternatively, by comparing the results directly with the terrain 
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pattern map, cluster 4 is seen as comprising part of pattern 00 of 
province 52008, cluster 5 corresponds to province 43001, and clusters 6 
and 7 broadly represent provinces 52001 and 52002 respectively. At 
the next level of differentiation cluster 12 can be identified closely 
with province 52001, clusters 8 and 9 correspond to the broad terrain 
pattern features of the Rolling Downs Group and clusters 11 and 13 
give a subdivision of province 52002 in teims of association with the 
floodplain of Cooper’s Creek. 

However the interpretation of cluster 10 is more informative. 
Cluster 10 is produced by a transformation along an axis similar in form 
to that defined by the second principal component of the PCA and as in 
that analysis this also results in the separation of water saturated 
areas from other terrain. Here this represents a further part of pattern 
00 of province 52008 and highlights an association between clusters 4 and 
10 . 

Thus cluster analysis gives a different view of the relationships 
of the terrain. Rather than producing the intrinsic three-fold classi- 
fication of the PCA, 'cluster analysis, by necessitating successive 
dichotomization of the data7 results in the major part of the water- 
zone classification being initially included with the Rolling Downs 
Group, with anctlier section being separated out at a lower level from 
the unconsolidated sands and alluvium. . .. . 
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CIL\Prr:R 9: CONCLUSIONS 


The aim of the research was to carry out an analysis of ERTS 
4-band multi spectral data, particularly witli regard to its use as a 
-—r-. means of evaluating and classifying terrain for engineering purposes. 

study was concerned .v:i th broad-scale appTicat ion in~~an ^ 

of terrain located in the north-cast of South AustraTi;*'. ' T?\e Invest Tga- 
tion was carried out on a digital computer by the application of multi- 
-variate techniipics, ami util died a slra i ghl forvard method of presen- 
- tation by means of shade or character prints. 

• ' -- The results shc'.'cd that reiJi esentation of tlie original data 

for each of the four bands allowed a certain degree of terrain inter- 
pretation. However variations in appearance of sites within and between 
bands, without additional criteria to decide which representation should 
be preferred, created difficulties for classification. 

Tlic value of the multivariate techniques was that by reducing 
the dimensionality of the problem while at the same time maintaining and 
consolidating all the information of the original data set, selection of 
--- ^significant divisions in the pattern structure could be simplified. 

... J ■- • Investigation of the video data groups produced .by principal 

- -Cinri. components analysis and cluster analysis techniques shc’.ccd that effec^ve 
- ;,-jth classifications of terrain produced by ccnvcntional 

methods could be carried out. The analyses also'highlightcd underlying.;::^-^-,;; 
-relationships between the various elements. 

The advantage of the cluster analysis approach is that it auto- 


matically provides a selection of classifications for field investigation 
and verification rather than requiring visual interpretation as for PC.A. 
However PCA i^rovides a Kore detailed understanding of the underlying 
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Structure of the data, allowing an assessment as to what level classi- 
fication is likely to prov'c meaningful. 

For broad scale studies the techniques evolved in this research 
could readily be applied in practice. First for a selected ERTS scene, 
a. basic mozaic of. patterns could be' established. .to. a selected level of _ 
video differentiation. Then a sampling program based on the different 
representations could follow to detennine their significance in terms of 
terrain para.net ers . This could be based on a number of sample sites 
for each group, and these could be selected on the basis of accessibility 
or the availability of additional contributory data. Such a, study 
could be by means of a qualitative ’landscape' investigation or in 
terms of quantitative field analyses. By integrating results of this 
sampling program with the originally selected patterns, validated 
classification maps could be produced. 

The significant advantage of using digital ERTS data is that 
for large tracts of land covered by a single scene (185 x 185 km) an 
initial mozaic of patterns can be obtained in only a few hours. In 
addition such an approach is readily applied to remote or difficult 
areas, where facilities such as aerial photographs and roads, ' 
necessary for conventional* s^udi^, 'are- lacking. - ; * ^ r=_. - . 

For these reasons the methods developed in this research 
could contribute significantly to practical studies, particularly for 
evaluation of terrain in remote* or underdeveloped areas of the world. 
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CALL 

U A ( J ) 

4. 

GO 

TO 

so 

IS 

CALL 

L iS(J) 

s 

Gfi 

TO 

so 

IS 

CALL 

L 1 s ( J ) 

4 

GO 

TO 

so 

> 7 

r/i 1 

1 1M J ) 

c. 

GD 

TO 

so 

i« 

CALL 

1 10 (J) 

4. 

GO 

TO 

so 

lo 

CAU. 

L19 (J) 

K 

GO 

TO 

so 

?n 

CALL 

L20 (vJ) 


GO 

TO 

so 



! 

1 

/ 

i 
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Appciulix 1 (cont ) 


0RK5INAL PAGE 
OF POOR QUALITY 


r/'J.L l?MJ) “ . . . 

r»n 

cry '■-PACT rno LT^'f-' f AMH OVfPPPl^'T POP Llf'P^ ? THPOIIGH 
I T »‘n (1 , n = 1 M 

no M j-?vn 

FI L T^iK ( J, 1 ) = 

no F"* j-1 1 « 

K='dt] '^7 . 

13 r.. 52 ' — ^ 

c 3 cfim . V - - 

PPT'^fT SHAOr i p-,/ri_c 


?n PPH'T SA, n.T»iP ( J,L) *l =1 *137) 
F4. FOP ^'AT ( 1 :s7/. 1 ) 
p? fOMTTf’ir. 

Wl 

F^ n - 

SI*F-.poi:ttpP Kcr r (.!) . 



JMTC mjuf^O'n T^•^^ jMc'r: 

JTC (ID TO H CHAP/ 

'.OTFPn T?'T0 

the' 

■ APpPOf‘.-^I ATF . 

pPT'viT - LP'CAT 1 P»>'S TO p: 

>'OOUrF THF SKLFCTF.p SHAOF LPVFL 


r^^•Mo^t /A/ 

T 1 T OQA ) 






FfiTPVl y T 

7 M) =1 H 





c up XL'PM 

Pf^T»^YL.? •; 

T 





9 pfThpm 

FMTPYl 3 5 

T ( J)=IH = 





S, PKTilPM 

F^'TPVLA 

T f .1) =1 H + 





9 PF TUPrj 

FPTPYLS P. 

T M ) = 1 H ) 





S Pf-THPM 

FNTPYl f* % 

T M) =1 HI 





PKTMPN 

FMTPYL7 ^ 

T ( J) -l‘-7 





S PFTl'W 

Ff'TPYLCi «. 

T (J) =1 HX 





s pftupm 

FMTPYl q « 

T (J> ~1 HA 





T. rpt«ipm 

F^.’TPYLIO ?• 

T (.1) -1 HH 





S PFTliPW 

Ff'TPVL 1 1 if 

T f J) =1 HO 

' Tfj+1)=1H- 




S pP'f'lPM 

FMTPYl. 1? -H 

T ^.'5 -1 HO 

«« Tfj+n=iH= 




•7. pPTilPA! 

FMTPYL 13 ^ 

7 ( , 1 ) := 1 M O 

« T ( j4 n - 1 Hx 




i prTUPH 

FMTPYL 14 « 

T f J) “1 HO 



J ( J + ?) =1 HI 


f PFTUPN 

Pr'TOYLlS ? 

T { J> =1 HO 

^ T(J+1)=1H+ 

c 

I ( J + ?)=1H» 


I ( J 3 ) ~ 1 H . 

PFTMDM 




. 



FMTPYL 1^ « 

T ( J) =1 HO 

I (J+1 ) = 1H4. 


I (J-P)=7HI 

c 

I ( J+3)=1H. 

I ( j + 4 > =1H = 






c pryijp-f, 

FMTPYL 1 7 « 

T f J) =1 HO 

' I (J+1 )=:1HX 

< 

I ( J+?)-lH» 


1 (vJ<-3) =1H. 

T 1 J-^4 )=1H- 






«t, PFTMP''? 

F ^.l T P y L n* ^ 

T . ,) =1 Mfi 

' T(JM)-Thx. 


I (J4-?)=1HI 

Si 

I (vJ^3)”lH, 

; I 

c 7 ( J4-C. J = 

*• Mr 






4. »r tiipm 

F-*.-T*-vL 1 P ~ 

T r ?r = 1 mo 

^ T(J+1J-1HX 


I r j-^c)=iH» 

c 

I (J-i-31 -*1H. ■ 

T { ) = 1 UH 

« T ~ 

1 


- - 


- .11, .PFTIJPN • 

.FMTPYL 7 h p 

r / . i ) - 1 H n 

T t j-» n = 1 Hv 

<c 

I ( J-^?) =1h;_ 

c 

I ( J4-3) =1H, 

T ( J4 4 )zz\‘.-U 

^ M V 1 ^ = 

l‘-= ' T(J-0) = 

1 MV 



- «, dftupm — 

Ff!TPYL?r S 

T f J 5 = ^ liO 

T f j-^n 

X 

7 ( =1HI 

s 

1 1 J + 3)i=lH, - - 

I < J4.A ) = 1F*- 

f ( J + F) = 

ina s, I(J4A) = 

IHV 

7 (J + 7)r JHA 

5 PETIIPM 

pMD 


- 
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Appe ndix 2 


ORIGINAL PAGE H 
OF POOR QUALmr 


COrw»-RT 

THIS T06NSI.ATPS VIOLO DATA KPO*‘ THl OPKal^AL KHTS 

TAPf It'Tn A fn>vAf »sHT TA^■*l.F. F'nr THf n>r, r-ic. r..''«VH'T F'OltTlK'E 

Tl^r f !• '■*.* C*'-^ ^ f f !>1 A T j ('*, »'■'> 

PiJ I K' I L () V.)* t r }■ f u i / 1. 1 1 • ) P 1 Ml. T • • / i T (• I f • *'• i I f Mill' 1 H t. I . *• ' 1 

or vjnrn f*AT/ ah*. «’opjru ACf'Os''* th-'jk cni.'Si^^T 4io 

nr p CHAp;\r:T f- HS . or vhTci* ? chaps Awb rc»p f>Ch panI/ k» b* ot /• 
HANDS H, ‘-t A*,r Ob CO? :P»’r.SSro IN PANor 0 IMWOuC-H lc*/f HANO 7 
j I.I^KAh V; i:(.P p THPIUK'H 6.3, 

IMTLGF. P lAoibiipV) 

LOClCAl. <>1 TMP«iT(3^S6) 

sr T DP U'O*-' I.. lA (I '“Df THF J?Q U'V! I *• . THrSP APP 0 TO 1?7 

/■.'''D >lr;7 ( .1 )TS IDt\ VHlCh AM-: 1 pA f «- i. A1 rIO PiTO A<* VALDrS 

data T^tiLf ' ,*• :<♦ irs, i ?o, \ ?o, i3no 33 , i?3 » 1 » 13?» 1 3 : 3 % 3 33, 

/' 1 A 0 1 1 A H ~ ( 1 , 1 , j 3 • 1 ' 1 « 1 r.* ? t i ' > P $ 1 S ♦ 1 ~ 3 » 1 6 V f i t ■ ? » 1 3 « 1 6 3 * ) b •* * 1 1* ♦ 

316l>*1^3‘.‘>«lb';ii‘ 

A 1 s , r> « b 0 ♦ b 1 , M » s 0 . > , 3 \ , 3 ?• , r A , i ^ , r e> . \ 1 » 3 3 « 1 3 M 3 1 3 7 , :3 7 » 

5) P* 3b>« pQM’V, <) * 0 t I r' « 1 A , l4 f 

7*3. ♦ 1 . ) . . 7 . ?OP#7'Om, '*b« AC, a / , 47 f 31 « 31 ♦ 1 9 ;?. 19?, 

730,30. 1 ?1 , 1 ? \ , luo* lOf., 161 . IM , Ibl * 101 ,39/ 

J=0 

NllMRtP = -l 

nPb'N OUTPUT rAPP 

CALL V’PITMT ( INPUT^NUHBER) 

RIAD DOTH STPT^^S OF INPUT TAPE IN TURN 

no 1 K=l,? 

NIIMRFP = 40 

READ 40 character id RECORD 
CALL READt T ( I f- PUT , MJMP ER ) 

TEST EOF 

IF (K'UHPEP .1 F . A ) 00 TO 7 

HPITb (C,r ) n '.'-JUT { I ) , 1- 1 ,4C) ‘ < - 

? r ('.PP*«T (1 OP^M 

MU*'Pb H = r-iJ 4 .-“••• 

IMF.".I‘-HFP.: ‘-.0)GO TO 7 

pr-AD 6?A CfO*‘-'ACTtP AMMOTATION PtCOPO 

CAl L PF AOf'r . T* PUT . ^-ir'Cn *?) 

VPITF (h,?) , T'' f’UT (I) , 1-1 ,6?4) 

NUOPt H = 3i"Pb 
f'H)PEHO.= 3?4 0 

rrroY n»lT TPA^^SLATIO^' OF ?340 LINES IN TURN 
DO 3 J=l,??AO 

PI M 3?P^' I r-r.v^/ c Tfp*-’ P-'R FAC'D l.TNE PUT ON OUTPUT DISCARD THE S6 
CHARACTERS 'U CALI»-pAiiQM UATA 

( ALL HEAD* » ( 1 ;P*'T , r 
1 F <K'UF>ub‘ w , I *■• , r ) < ,0 t ('. 7 

DO 4 I =1 » M •'» HO 


ooo non oon non oor> ono 




2 (c on 


ORIGINAL PAGE IS 

OF POOR QUALITY 


T -5 n 


A 


T val:)P.=--t- ( (T-i ) 

IF ( J VAi.Utf 1 . 7 ) 00 TO 10 

KULTlFLY OAr’H 7 FY ? TO !'FC 0 *'f 4 ;-;sF 

j F ( 7 01'MT T • ) , OF . ; i.^0 , I r.’Pin n > a Tv7 , J i. 

I T e T .N'F tj T ( T ) - " . - 

C L t ■'•• »■ ' /> * l Y «• T : ! M > T r N 5 I 0 

ITFf'F= 1 AOO f T \y*f- *^'?77) 

iTFf-'F-ITt.-^P+l 

IF n Tt.-O'a-T V JTTMF^I?? 

LOOK UP COr'VFO’SlON VALUE IN TAPLt 

JfgPUT { I ) =T A‘H t ( I TEmP) 


vuT-ri )~I 


V'PITL TPANSLATLD link TO OtJVFl'T 
3 CAIJ. WPJTMT ( I'-'PUT.mIJPFRO) 

VOITF ( 6 ,F^ 

ft format (1<^H FNO OF FILE) 

NtIMHt P --^0 

CALL PfaDP'T ( INPUT *MUPPFP) 

CHECK EOF AT end OF STRIP 


iiT ( J ) i'P: 


IF (NUNH?EP.0T. 0) GO TO 7 
1 CONTINUE 
GO TO 6 

7 nrttF (0,5) J»K 

5 format (EH FPFOR -• I5»?2HCLC0R0S READ FROM TAPE* 13) 
WRITE EOF TO OUTPUT 

6 NUMBER =0 

CALL i^PITNT (INPUT, NUMBER) 

STOP 


ORIGINAL PACE fS 
OF POOR QUALITY 


11 


Appendi;^ 


A 


? 


3 

1 


P 

Q 


Ti 

1 n 


1 ro 
1 r-i 

io? 


17 

1 ? 

1^ 


PonPPAM AMAi y^F ( iMPiiT, OUTPUT. TAPrl=TMpi|T , T APr?‘ = ?'»nTPUT ♦ TAPr*St^/3^ ftO 

iK’TKrrr.' nA’»'A f Al, A) .TAOl F (3?4n) • CUMI M. ( P 3 • A ) 

Tf-H POnj vAi (# -3 . A) , APPA Y ( r.t' t f*n ) 

HTt'K^'SlOM pcnM{<H?) 

f%o n 5^ j n p . ^ ^ ^ 

TN!TIALI7r 


no C Irrl , 

PO A .l-i.A 
ChmiiL ( I , J) =0 
DATA ( I ♦ J) =0 

PFAP ?:hac 


►IPS FOP rCTH ST p IPS 1 AKT* ? 


Pn 1 

PF AH (*•' f ?) (TAPI F (vl) « J=1 t 3?A0 ) 
r OPMAT ( 3P4 no 1 ) 

ACCP^’UL ATF totALF^ fop FAC.P VALUE 


no 3 K~i , A ns 

I =K«M 

PATA (TAPI.F n -7) , 1) =PATA (TAPLF (|."7) f 1 ) +1 
PATA (TAHLF (f-o) * n =DATA (TAPLF (L-F*) » 1 ) Tl 
PATA ( TAPl.P f| -c) . P) =PATA (TAPI F (l.-F) »?> -H 
PATA (TAPLE (1-4) ,?)=r.ATA (TAPLF (L-A) ,?)♦! 

PATA (TAPLF (1 • 3) r-.PATA ( TAPLE M.-3) ♦3)41 

PATA (T A‘*LF (I-?) ♦ 3) =PATA (TAPLF (L~?) ♦?) 4l 
DATA (TAPLF (I -1 ) ♦ 4 ) =PATA (TAPl.F (L-1 ) »4) 4 1 

PATA (TAPLt (I ) ,A)=0ATA (TABLFd. )tA)4l 
CONTir.'UE 

GROUP LEVELr> TU INCOFASTMG ORDER ANJO CALCULATE CUMULATIVE TOTALS 


ro m j=i»4 

VAL (1 . J) = PATA (SI , J1 

pn 0 I = 1 ,sn 

VAL ( T4l , J) =- oatA ( T , J) 

no o T=;S?.S3 

VAL ( I ♦ J) = OftJA ( I .,1) 

ai^MlL ( 1 , J) =: V/AL ( 1 .vj) . • 

po n !=?tA3 . . 

n«Ri*l(!,J) = <1-1 ♦.)) T VALUiJIl. * . . 

CPN'TIFUF -■ . * ‘ ■; * 

JUMP TO HEAP OF PAGF. SFT'R l.PI •' AND -COMTfNliniJS PcjuT 

PPIK'T ino - ’ ’I • 

F0P*-'AT (IHl) ,• . . . ’ 

r’0)MT im 

rr'Oi'AT (iHo) 

POT^'T 1C? . 

FPCMAT (IHT) 

PRINT hISTOGOAm and FPFOUFNCY TAPLE 


PP 1 NT 1 7 

FOPMf. T(///*3RV«SHPAfin4, \ 7X *SHR AMDS . //, PpV , 
1 PVAI Mf ♦ ? ( T V , OHFPF OllFNr Y . 4 y , AM TOTAL 5 . / ) 

OP 1? 1-1 ♦ S3 

POINT 1 G. 1 , ( (^'AL (! • J) ♦CuNfiL (l*J))t J=lf?) 
FORMAT (1 hX ,S (3X , IP) ) 
pni^«T ino 
PRlN-j p7 


118 



Appei ul ix 5 (cojit) 


ORIGir^AL PAGE IS _ 
OF POOR QUALITY- 


■vC. 

-c 


?7 FOPMOT ( ///, 1 7X »5MPA.\tp7 , //, ppx ♦ 

ir^HVAl.m- , ? ( lY , Purpp.r.jfFK.T.Y* AX » AP TOTAL) * /) 
ie;NLFVF! * ? (RY , CIP'UL) f/) 

OO ?? 1 = 1 , AM 

J ^ ^ 




>^J^XACCULATF ^*f ak' fvo fTiMOAoD -D^VJA 7 J[OW- 

T nr M~~ X V A I n , J ) « 0 q + V A L ( ^ r r ’J ) '7,? 


DA. 13 T = p.A'i 

13 TOT/l = THtAI .r VA|.(I,J1 I 
Avr i-''AA,r = TnT .* I /r.’if.'iii (A?,J1 

_ «;il!:'S^*-= { 0 . ) ooP^vAL (1 , vM (6^,F-AVrPAOr ) flopoVAl. (ft? , J) 

, no 1 4 r " ? . M ' _ r- 

14 =Ml'SO = ‘;il*'FO-i ( T -A Vr A('K } <>o?<>V/-| (I,J) • ' “ - ‘ 

SO = SOPT ( «;!i*-‘^''/ClJ‘^ML (f'.>'iJ)) 


_ CALCO’l. ATF Mr,p'-AL D T^TT TnuTlor C«rPvr OF <;A'^r fD AND '-'.fAN - 
Fr'Ci-M.iL A A3 ^•,TvF^’ In ‘'O-nf'FY Pi09 , 


- no I's 1 = 1 » ftp 

YniFF = ( T-A wFJ^Ar,c ) O ( T-A vrPAfiF) 

POUF p=: i( n I F F / ( p , o no CO ) 

15 P008<J) = 1 / (no<^FOPT {?o3. 1^153) ) o ? , 7 1 A?P«o ( ~POW^P ) ^CUmiJ! (ftRfJ) 


SFT both actual Ar-D THFOPKTICAL CUPVF5 INTO AORAY FOR OUTPUT 


C 

c 


no 19 1 = 1 , ftp 
no 19 K=i , an 
19 ARRAY ( I ,K ) = IP 

DO 18 1=1, ft? 

L=VAL(I,J)/ 5000. + n,F. 

IF (L.3T.80) L = 80 
IF (L.LT. 1 ) L = 1 
I. = P1“L 

ARRAY (T,L) = 1P+ . 

|. = PP0R(T)/ ftooo.-O.S 
IF (u.GT.FO) L = 80 
IP (L ,LT. 1 ) L = 1 
I =P 1~L 

_ array ( 1 , L )= 1 P- 

* 18 CF-RT I'inf - . _ . r- - 

- — -zrRr-l ♦‘T ?1 ♦ f ( A Rr- A V n . L ) * I = 1 . ft? ) . L= 1 » 8 0 > 

— Ff>8'^-‘T (-lftx,A?P] > . - 1. .i? 

RRjf:T .#. _ “ “ " ■ . 

~ f / // ,4^y , i TTY- VAl L'F * /// i 30 Y , 

. 1 ftr.RvFPT I CAi cCALF: 1 Inc^ = 40, coo RrAniMCS) 






— -RRI.NT f.-'RAh A^'D 30 _ 


, ' PPTMT AV/rpAftRi «-ft- - 
=.- 5 . FOR “At ( / , ?QY ,f H ’•'= AV=,P3 .?»F,M 
7 cntiT l^nr ' - — - ' . 

" -ft^' CFVIvT lW*iS-.’ - -- 

STOP - - 

run 


sn=,Rp.,?t//) 


i 


ORIGINAL PAGE IS 
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A] )pendix 4 


fi- 

ll 


c 

c 

c 


f 

I 


' c 
c 
c 


i 

5 


C 

c 

c 


( T^'PHT »OilTP|jTtTAPF. 1 --IMPUT* TAPFP-niJTPUTt TAOP 5 -/ 34 C 0 ) 
ImT^GFO TA 0 if*f"O 4 n) 

m*'f £vro;ir,r (A, 4) ,f'ATA ((:3,A,4) ^ r 4 ) ♦70TAL(6t4) 

nif'FNr.TON ro'-.r -j ( (4) * . „ - ■ 


IMITIAUI7F 

no 4 I =.!,/■)? 
no 4 K=i , A 

. no 4 V»=lf 4 
4 DATA ( I .K, J) r-n . 0 
no ]4 J=;l,4 
AV ( J) -r . , 
no 14 ln:l,A 

AVFf'Ar,;: ' T * J) - ^ . 0 

CII'^IIL ( T t vJ) -0 . 

14 TOTAl. ( I • J) -n 




pfad ??.40 I i‘'‘f*:- fop «:;TPrr*s i /nr) 2 as vso oor^ups of e^ liF''fs 


no J N = i,7P,n 

no 1 1 = 1 ,4 

PFAn (S. 2 ) (TAPl.F ( J) *wl=l .3?40) 

? FORMAT (3240^1 ) 

ACCllMULATF TOTALS FOP FACH VALUF 


no 3 K= 1,4ns 

L=F^<»P . . - - 

OAT A (TARLF (L~7) , 1 , 1 ) =OatA (TAR|.F (L-7) , F 1 1 ) -»• 1 
DATA (TAPLF (L-^) , 1 ♦ 1 ) ^0 A T A ( T A r-L F ( l.-S ) • I . 1 ) 4- 1 
DATA (TARLF M.-S) t T ,2) =T ftTA (TAP|.F (L-S) • I »?)+? 

DATA (TARLF (I -4 ) , I .21 =fVATA (TAPl.F (1,-4) , I , ? ) 4- 1 
nATA(TARLF(| -3) ,I,3)=^OATA (TAPI E (L-3) •I.31-H 

OATA (TAPLF (I -2) , I , 3) =naTA (TAPl.F (I -?) , T .3) 4-1 
OATA (TAPLF (f -1 ) , I ,4)-nATA (TAPLP (l.-n * I f4) -^1 
3 nATAHARLFd ) , J ,4)=nATA (TAPLF (L ).T.4)+1 
1 CONTIMIJF 

RPOUP tOTALP OM RASiq oF 24 I \T) I V I Ol i AL OFTFCTOOS 

no P N-1.6 

no p j=i .4“ ■ 

p cn'^MiL (^i♦ J) =nATA. ("i J) <;?4nATA (Bi .Mt j) /p; " - • . 

no 1 = 2, So ^. -r 

no 0 K=i . 

no j=] , 4 - . . _ * . . 

•6 CIP’JIL (X , ,1) = riiMML (K , J) 4.0AT A ( I ,K, J) 'M 14-1 ) 
no 9 1=5 2*4,1 
no 9 K:t) ,6 
no Q j=i ,4- 

9 rn*'*.»L (< . j) =rM‘rij| ik ,j> 4 data ( l *k,j) c-i 
'DO 12 1=1,^ 

_ no 12 vj=i.4 

1 2 CU^'OL ( I « J) =CH*UfL ( I * J) 4 oat A (62* I ♦ J) 

CALr.ULATF. total NU''Pf:RS FOP 24 IKiOTVlDliAL OFTLCTORS 

no i 3 i-i , a 2 
no 13 j=i.A 

_ DO 13 K=l,4. 

1 3 TOTAL ( J*K) = totAL (J*K) 4-OATA ( I ,J,K) 

C'l.CiJLATF A».ri PPIMT FOP 24 TWOTviruAl. DFTFCTOPS 


i 

i 
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A ppendix 4 _~( con t ) 





no 7 T=l,6 
no 7 j=i,4 

7 ( I , j) =rCM‘MiL ( T . ,J) /TOT/i|. ( I * J) 

PPT'*T 


* 3 Q-f ( VH] ) 

•‘:T 10 " - - 

T n H 1 • ^ • 

— 5— — FX ♦ 1 -J 

.e; .rm?^’-=T-tpr» y , « 
pf?l MT ^ ( I * f A 

C 

C C 4 LCHLATF 

C 


, 1 • ._ 1 owie.^NP^„~^._;.»l^•HFA^m6'C;.vk^WlCH8A^i07 - 

crMcrP-. 

\ 1 •••F "v 1 1 V ' V , ? r 1 o;, 3V/ > — ^ _ -r - : ~ - rr 

'•:'~AFr (1 , JJ , J=1 , - ) ) . I-] , A ) 

PPU.'T PAND AVFFvAGES C.p>jc,oo COPPRCT I DM? 


- no 1 1 j=i »4 
-- . - no 1 1 . i=. j «f» 

11 AV ( Jl =AV ( J) 4./ WrPtGF ( I , J1 
-. . . on 1 F j=] .4 

15 / '/ t.‘> - V ( J) /o 
“: — no 15 j=;i ,4 _ 

■ ^ no 1 = 1 


15 

17 


COPPn- ( T . J) = 4X.- < i) ..AVrPAor { 7 * J) 

rp 1>-T 1 7 , ( A V ( 1 5 . T = 1 * A ) 

F0P»^ at • - HAVE PAr.r c., Ax ,4F1 n. :,, /////) 

PPI»-'T (P 

rOPMAT (?6X . n MCnDPFCTIO»-s,/) 

PPT^•T 5, ( ( I , (COPPN n *vJ) . J=1 *4) ) , 1 = 1 ,6) 
5TOP 

Enn 


ooo oooo oooo ooo oooo 
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A p pend ix 5 


ORIGINAL PAQf ® 

OF POOR QOAUrrr 


PPOG^^A'-’ ( 1 »!FiJT»n«l7iMiT ♦! APtl = IMPUT»7APt:2 = 0UTPUT, TAPtf>=/3^00f 

lTAPf::<^«/lhOO ) 



THir T A T T c TfPE OF OAT4 

AtiD Oi' fMJ-'i S' t A . .. Am./Y •). l-0‘« ^ V: ~ l^L' VC'jTS FOP TMrl FOUP hAMiS , 
It/.AlintTiOM 1* APPl {FS ‘',r.\'sOP COPKcC^IOfJS TO COW*?fcCT:j FOk S7H*Kli\G 
IW.'T 7 aFF IS LU b 7 a‘*Tam:7 TaPf iS-LUs. . - 

ni ION VAI II» (73, .S!JPf73»A) ,7C;7AL (73t4) t COPPk ( 6 •V)'> 
lM7r<-L.H TARLI { 3 f -M , VFK 


SK7 SI7F. OF OnypMf AP»i/v PpOOIAEO IN70 HOP AND VEP 
HOP VAUjE Pr ^ n>ICTu:i> -‘Y Gl/t OK 7APE4 0U7PU7 STPUiG 

IS7PJ»-F=1 
PPlF'7 ^1 
A1 F0PfA7(lHl) 

: PfAO IN SF.Nj'c-,- CC<f*PLC7 TONS 

DO ?0 J-1 ♦ 4 

PFAD 1 0, IbAMO, (COPPM ( I , j) * 1 = 1 ,6) 

10 FOPMA7 ( 1 3»?y . AFb.2) 

2 0 PPU'7 101 t (COPPr' ( I » J) # 1 = 1 *6) 

f'lOl FORM^7(/,?OH Sfl-iSOP CC)PPEC7l0NS-»/» ( lOX* I3*3Xf 6F6.2) ) 
TPOSN(l)=7 
' IP0SM(2)=5 

IP0SM(3) =3 

IPOSN (4)=i 
11=1 


PERFORM PROCEOUPt FOR PEOUIRED NUMBER OF 0U7PUT LIMES EQUAL 
VER7ICAL Arpay 

DO 1 l=l*VFR 

I2 = 2340*««L/VF.R + 0,b 


INI7TALI2E FO^ EACH 0U7PM7 LINE 


DO 22 K=1 *HOP 

DO 22 1=1*4 

VALl'f- (K* 1) =0. -- . 

FltM (»'. , I ) =0 , 0 
* ?2 707 Ai. (K, I )=0,0 

PF.PFOPM PRorEr^U'^F. ‘70 COMBINE 
0U7P0r LIRE 



GROUPS OF INPU7 LiUtS IN70 A SINGLE 


no 3 I = U*T? - . 

READ (^,2) (TA'.L?: { J5 , J=1 .3240)- " • 

2 FOP^*A 7 (3240^1 ) 

. ir (1STR>’E. V .*.) ISTrit.f>i 

. Jl = l 

perform PRoCFO'JRF to CO'’rMNF. GROI.IPS OF PIXALS WI7HIN EACH LINE 
FOR OU7RM7 TT Fhf:niP'0 MjMHEP OF CHARACTERS 


l' 

1 




I 


on 4 K= 1 ,HOP 

JP = 4 00. ••'K/H'^OxO ,b 

ACCUMULATE S'»»'.S/TOTAL*i FOP 4 RANDS AND APPLY SENSOR CORREC T I Or.-S 
00 24 MX =1,4 

no b j=ji » j 2 


ooo ooor> 
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A r»|>c . i ulix-5 (cent) 


f-.'r: k-CSM ( MX ) 

^;^• = N+ 1 

no 19 

IK n TO 19 

!*■ n^Kl.h 51 ) 13. !•'. 

:cv- •-‘i’ j' . •' » ) =-- 3 ! j ( -s 1 3 - X ) 4 0 , 5 _ . ^ _ 

j r ( T h\L i I I ^ ir i rs < 1 

If jr (T/Hlk ;•••> )17 . 1 'V • - ■ - — 

17 St ».'•* ( K » M X ) J / ( , y X > 4- ^ fj^p ( y. ) 4- 1 

SO TO n 

IP StJfM Kv .yx ) = CMv (< , »'x ) 4 -t APLF nU 

]i Tv‘T/.| (•<'.?•■>) -Tr.T;-L (K .‘O, ) 4 } 

_ -■ MIO (K •»' / } ~M;y <r. *-•> 1 4-CO^i^f- ( ISI K1 .MX) 

;_iZ-. 1 <;:'.rn\iT !‘-’iir - - - ~- • . • ■ - *‘ 

«-t:f‘NT /villr ' - . ' ■• 

-' - ? 4 ^-COfJ-| If'f£ . - - . .. 

- A Jl-Ji::*!' .. ' .- ‘ . ■ , 

.. — . -ISTPlKK^ISTr JPF4-1 .. *-- •_. 

- ' '3 COf-iTiOuK ■ ~ - ■ -■ - ’ - 

CALCOLATt ?TAO VAlliPS AND OUTPL'T THE CHAPACTEPS FOR EACH LlOt 
AMO for FACH of Thf. FOUR HANDS TO TAPE 

DO 60 1=1.4 
DO 6 K=1 , HOP 

/ %iAi iiL / f \ ^ t t % ^ j T% i u' r ^ 


• F . M X 


l/v* tjv 

00 6 K=1 , HOP 

6 VALUE’ (r , I) =SMM (K . I ) / total (K, T ) 

.0 WP TTE (4 , 69 ) ( value. (K, I ) ,K=1 .HOP ) 

.9 FORMAT (?C0r8. 3) 

PRINT THE FIRST OUTPUT UU'E AS A CHECK 

IF (I .LE. F ) PRINT 70 , (VALUE (K, 1 ) ,K = 1 *HDP) 
'0 format (/,19H FIRST LIiUE OUTFl.iT-, / ♦ ( 1 OX , 
1 n = i^-^i 


1 UP 10.3) ) 


STOP 

end 



ooo ooo of>o ooo r>r>oo ooo oor> or^n >i 
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program PTCTUt’f;' ( TK'PMT « OMTPMT , T /i PK 1 = I rPuT ♦ TAPF?:;OMTPiJT « T APF'A--/ 1 ftOO ) 

THI*^ PPO^PAM T«: nc-CT'-.'c-n TO oratMT om A ^•AP OP KCTrO 

*'ATA T ■=■ 1’l A -,l y X'tP fi-i t.m'-H /» I'JTM KACH M*" • I' • ^ 

IN ‘“•tf'l'F C*- , -(_.A'’0‘' 7 •' *s*-'T *,*'~VhF Pk^r»,';i;AM fo 0 FOP . CH/. ;S A ( i «; p$ ' ‘ 
roP v.Piircpii'Tv!'- . 'I r i -a ' orptr' vj.^L pfad-iw-kop tmc . 

fOP Each f»p t»-<^ ^.Fi.Frrrn o/'j^nq - - . -~ 

n J f 1 1 Mfr, ( . wrA M , ir.-f r? Jf r; ( i ► l f<A?’D (^ ) 

PPAl. ILF^' (/•; w'T’ri (A) ,L!-VFLS18) 

IMTFPFp HOP, vFPtFLAC-PP 

FFT PF'rjiijPrn PA.oArt tFpf 

NOP:r73 «i VF»=:?^3 4. ftAPnP=l 

TK'TTI Al.l 7F 

TpocK; = 3 0 

PTyLl^'>F = ?0n.o/vrP -i 

Piy?I7F = »-<OD/ooS, 1, 

I 

PFAO INPUT PAUns ' 

I 

DPAO 15. ( ( TPAMH ( I) , TLFv’( i ) « INT ( I) ) * I-l »4) |, 

i5 FOD^/AT ( A ( 14, PFP*3) ) .. i; 

PPTNT ?0. ( (TPANOd) ,7LFV(T) tlNTd) ) .1 = 1 .4) j 

FOPMA7 (/.lX.4 (Tf».?F10,3) ) 

GAPPY OUT OPOGFOMPF FOP IIP TO A BANDS 
AL IGN TAPE INPUT TO COOPF.CT BAND 

no IP K=l,4 . 

IF(IPAND(K> .I.T.4.0P.TPAND(K) ,GT,7)G0 TO 13 h 

GO TO (A,S,^,7) TUAup (K)-3 J 

7 PFAO (4, 1 ) (VAl. UPS d ). T = \ .HOP) 

A PFAO (4, 1 ) ( VAUIPG d ) . 1 = 1 .POP) ); 

5 PFAO (4 . n (V^AL'IFS d I . 1 = 1 .HOP) '• 

1 FOPHAT (?«»0FJ;. 7) f. 

4 IF (FI.AGOP.MF . j ) GO VO 17 » 

f 

CAirULATF COMTOllP I.FV^^LS FOP THIS PANO - -- . 

LFvn.S ( 1 ) = rv (<) 

no !=?,«; ■ — ----- 7 — 1 - . 

IG 1. FVFl. ^ ( T ) =l.rv'PLS d-1 ) >► TNT (K) f 

^ . . I 

PFAD A»‘'H Output ^LI. I. INFS FOP THIS BAFT) | 

!7 CAl.l >^AP1 ( TAPING. Fi AOOP) ' 

no ? ,.l=l , V«^ P • ' - : 

PFAD (4 , 1) ( VAI IIFS 1 1) . T = 1 .HOP) 

CLFAP output ctpIMG 

no A 7 = 1,1-:^ 

A iSTPINOd )s:0 

SFT VAL'JFS to TUTF.r-FP ANO CAI.rui.ATF COFiTOijR TNTFPVAl.S 

no 3 1=1, HOP 
MFAN ( I ) =VA! I.~S d > +n . A 
IF rrLA'^OP.NC . 1 1 TO 3 
t)Ci Q V 1 , « 

IF (YALULA { T ) .G<^.LLVELS /*•’) ) 9. 14 


_ ORIGINAL PAGE IS 
‘ OF POOR QUALITY 

Appcn«Ux 6 (com) .. . ■ 


o Cof.'TT N'UE 

14 MFA^•M ) =«>-»* 
1 4 »‘rA“ f T ) -fz-i 

^ rn^ Trmf.- 
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ppnr,0 AM COPPPI ( TI!PU7 , output *TAPF.1 s=TUPUT, T APF?=0I|TPUT, tapfa = /1 ^0 0 ) 
nUT h'S TP>'' VAl I'lC ( 'r’OO . A ) , AVrPAOr { 4 ) , VAP (P •«;> ♦ V«:r) (S » •sn (4 ) 
r TOM M f .0 f S) {^.) ^U}^^r.) ,1. K, (r, ) ,P XOV (B *‘i) «POOT ( S) • A (S) fP (5) 

Fxl ! 
pf-Ai. 

2 TuTf '^FP HOP«vrf- 

"j-;.':MOPr:73 1 J » . J- ' 

,:_.,prf.O 'i 0 , ( f AV- { T ) »FP ( n } ♦ 1 = 1 *4 ) * . 

] 0 FOP w A T ( F P , *2 > . — :r 

PPTFT 4, ( (AV. otOF(T) ) »I = iv4) ■ - 

4 FOPMAT n X , cr^ . :o 

00 7 T=1 • 4 

PFAM(l)=n. 
on 7 j=i . 4 
VFn(T,J);rO. 

7 VAP(1,J)r(), 
no 1 l=l»WKO 
no ? T=1 , 4 

3 PFAO( ',v>) (\/A| i;r (K, I) af=l *H0P) 

? FOPPAT ( POOPP . 3 ) 

on P'' K= 1 » Hoo 

on TO 1=1 .4 

MKAU ( 7 ) =*<F AM ( T ) +VU.LUF fK , n 
on FO j=i,4 

. VFO ( T * j) = vsn n ivj) + ( ( valmf (K# I ) -avepagf ( t n /so ( i > ) * 

1 ( (VALUF (K, J) wAVFPAOF ( J) ) /FO ( J) ) ^ . t- . . 

FO VAP ( 1 , J) = VAP ( T ».J) (VALUE (K » I ) - AVEPAGF ( T ) ) « ( value (<• J) -AVEPAGF ( J) ) 

1 com I HI IF 

no 54 1 = 1 ,4 

MFAN ( T ) =MF AM ( T ) / (HOP<>VEP) 
no F4 J=1 ,4 

VSD (T t J) = vcn ( T » J) / (HOP ?»VFP) 

B4 VAFM I t vM = VAP ( I , J ) / ( MOPo vFP ) 
no F 1=1*4 

6 sn (Ti=50PT (VAP ( T . T n . 

. PPTHl S3 t (f^F AM f n ♦ T = 1 f 4) 

51 format n HI ,4^^ MPAMF ,/♦ 1 X.4F10.3) 

PPIHT 5?, (qn ( n , 1 = 1 ,4) 

5? format (///, 4m *;r)5. /, 1 X «4F1 0,3) 

. PRINT ?1 * ( ( VAP ( T , J) , 1 = 1 ,4) , J = 1 .4 ) 

?1 format (///• mOs' cta ^!^AC I)I 7F0 DATA.//* 

1?7H VAPT Af.CP/Cnvr T A^'O* mATRIV/* ( j y «4P3 n,3) ) 

CALL F ig«;y'' (4 VAPtPOOT.Eir.w, A,n^v »o, wv',pm,lIG*SFPAR) 

pa T UT 1 ? ♦ f P'^p'; ( t 7 , t :si , 4 > .. ■- , - 

‘ 1 ? rnr-f'AT ( //. 1 =" I OfcNV AL UEF »/.4Fin.4) 

__ ppjMT 1 3, ( (mnv M . J) . ! = i ♦*) » J=1 *4) -- -■ -r?;, 

-13 FrTP«.^AT / ///, 1 FTOFMV'^CT'^PS*/. («F10-,4) ) - - ' r_r. — 

PPT»'T ??, ( (V'-O ( T • J) . T = ^ .4 ) , J=i ,4 ) 

P2 FORM at ( / // , 1 cu VV AMr^/.PU J7f n OATA,//, _ • 

1?7H v; p T AMCF/rOVAP 7 A^'CF M/,TP7y/* ( 1 X *4F1 0,3) ) -- . 

CALI L TGSYm 76 .t,.4, vc;0,POnT*FTGV.A,H,W,0,v;^'*RM,LIG*EEPAP) 

PRIMT 1? , (P'^OT M ) . T = 1 .4) - • *■ - 

PPIMT 1 3« ( (F TA->V ( I . J) . T = 1 *4) • J=1 *4) - ; 

PPIMT RR 

<}Q Ffip**' A T ( 1 H 1 ) — ‘i 

5T0P 

FHO 




ooo ■ onn' ' ,, r»orf)': !• ooo non noo oor> , nrynn odd or>i*^on 
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OF POOR QUALITY.... -rrjr " 


Annelid ix S' 



PpnnPAM F ir.r*JV ( I»JPlJT#0MT«’MTtTAPri = TMPliT,TAPP;? = 0ljTPUT*TAor6 = /l 600* 
lTAPr.3=--/l 60 0 ) 



TMTc, cuo6Prr* T*: to put ^ l TrTAn Tr> Ar.ic;}-*rr>..*a j jom 

fiT' 1 rf'iKJ O'' ThT Jf’/j 

Fj 6FN vpr'i'ops / ? opTvioiJ^i. Y CALCULAirn apt; u<:rn ir* twf_ tra^sfopm 


-lAiir-^Fft H0P.*wFR 
T'ilTlALlZr 


^ ‘ ir.lTA* V Atut (7 ? 



, AVlM 





HOPs:73 % 

PF'An AfiD or- 7 'n A"r^ cn.c fo; r ror >'Ar'n*^ 

^■J'fVnTF- VTl.L umiTY F CP ?iTA'jr. ' PD] 7^0 Tr<AN<iF0r'^A.T J0N'> 

. _PF A r« n * ( ( A V f T ) « n ( T ) ) . 7 = ! , 4 ) 

It rf’.nM+T (4f P . -5 •, ' _ . 

. Prif’T 1^. ( (MMI) ,^0(1) ) ,1 = 1 ,4) 

)? P‘OP MAT ( 1 X., cr )• . 3) . ' “ ■ 

PFAO and PPTmT POIIP r Ti^P'VFCU'P'i • * 

- PFAH 1 * ( (F TO (I . T ) . 1 = 1 «4) *L =1 *4) 

1 format (4 (4PR . 4 , / ) ) 

pt>J^•T 10, ( (‘^16(L*D ,T = K4) *L = 1*4) 

1 0 FOPM^T (4 ( 1 y ,<.F1 0,4 , / ) , 1 HI ) 

CALCULATE FOP ALL Ln'F»l 

no 6 J=i , VEP 

ClFAP EIGEmvaL'IF 4PPAY<; 


no 7 K=l,MOD 
no 7 1=1,4 

7 rVALllE (»<•, I j =0. 

REAP all PAmoc. FOo r.MF LIME 

no 3 1=3,4 

3 Pf AH (4,v>; ( VAl MR (K , I ) ,r = l ,P0P1. 

.ffOPMAT (?66FA.3>-^:r-rie--^^ i--,. - ...\ L.' ... " 

.:.^XALC0!.A'TE' Ai i_ fo^^R F I GENVALUF F. Pne' r;-CM VTDEP:PATA FLF*^Ej^ 

' ■ * no a-K= 1 ,moo I ‘ - - -. ■ 

- no 4 1 = 1,4 ... " ‘ . 

_ _PO 4 I =1 ,4 

— 4 _ t V A L t ’ f. < K , u = F V 4 L 1 1 F ( K ,- 1 y -4.. r V A L • ' F ( M , T ) - A V m ) / Sp ( I J I G < L * IJ - 

■~;rr: '’OUTPUT zCpF LI**F yop^-EA-c*-* _E.IGFMVFCT-np__- . r^- *' -"i:.—.; 


no 1 = 1,4 ■•' - - - - - __ 

• 5 WPTTF (3,?) fPvALnF (K-, n ,K=l ,woo) • ... . 

TF ( J.OT. 1 ) on TO 4 

OPIN'T FIP?T LTNF fop checking 
00^1=1,4 

9 PPIHT R, (Evai.hf JK , I ) 1^ = 1 ,'-riPl 

F format (//,?7h EIGFmvTCTOPS 0^ FIPGT L I UF , ( / , I , 1 OF 1 0 . 3 ) ) 
6 COf.'TI^MlF 

CTOP 

r.MD 


1 


ooo ooo* nnn non ooooo 


I 

1 
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PPORRAm VE;pIFV ( TMPI it , output » TAPK 1 = input •TAPF?“0MTPIJT, TAPFA=/1600) 

JHI? PDnr.i^f," r^rc^'r T^r r IGF hv/pcTCP APPAY<; PY CAICI'IATIMG 
THF ('.MiffM cw4f>,i| p f>K 7‘ <>0)- Af:'T-TV^F VAPJAMCt^ . 

(WHICH SHPl'l.*'' T‘-'P PTGF MVAl HFS) '- 'i. 

OT^'FMSiriM \f/^D (h) , AV { \ , VALNF (73 I J 

iMTFGtp HOP, VFP 

IMTTIAI..I7F 

HnP--7 3 V VFPr.?7T 
ro 7 Jrl ,4 
A V ( J ) = O . 

7 V/‘P(J)=0, 
no 1 l=i*vFP 

*1 

PFAO ALI. PAM0«; FOP OMF Ll^E 

on ? J=i ,4 _ . 

? PFAO (4 , 3) (wfiiiiF (K, J) ,K = 1 ,73) 

3 FORMAT (?00F«. 3) 

accumulatimo totals 

no 4 j=l,4 

no 4 K=l,HOO 

AV ( J) = AV ( J) 4.^yftU»F (K, J) 

4 VAP ( J) = VAP ( J) ♦V/ALMF (K , J) *VALUF (K, J) 

1 continue 

calculate AMO PRINT MEANS ANO VARIANCES 

DO S J=l*4 

AV f J) = AV ( J) / (HOt:<>vFP) 

5 VAR { J) =VAP ( J) / <HOP«iVFP) 

PRINT f , ( ( ft V ( J) ♦ VAP ( J) ) , J = 1 ,4) 

F. FORMAT ( 1 X . ><F ) r , 4 ) 

STOP 

EMO 


■ ' ' i 1^' ' 

ooo‘ ooo- oort' ooo !^>r>r>o 
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)emiix 10 


..PPOGPAM APPAY ( lNPtlT*nuTPIlT» TAPri = TNPnT »TAPF? = 0 IITPi;T ♦ TAPE An/ i 6 
1TAPF.3) 

r THIS ppor^PA'^ T'; DPsir’f'rr) to p' pjt om a oT^-.TPiP'n iom /<ppay. 

.r-po i |..n S A Sf;0 P:P IttC Tf'At ANG-u^-Ff OK-r-Afi Y-. F K7EWVE-GT-^^,- 

-Oi^n^sio.V' vA< MEs (?^nn,4'> , tappav {P0,4Ti) , thea0(*P0)VlinE (iAor-F— = 
PPAL U rv f P> * T'.'T (^) ,LE'/El.l (FA) iLEVF.L? (40) 

P'TKGBP E'0‘^,vFH 

IK'ITIAlIZF 

HOP -.7 3 3 vru - p?,3 

pn. f< I-i,Po. - . 

■ ■ - THFAO ( T ) = T ' ......... 

■ C-0^ P J=i ,4p 
R T APPAY( J • J) = 0 . 

- -- PEAD AhO PpjMT Af'jn TNTfPVAL VALUE.3 •. 

PFAO ( ( Tl.PV ( I ) , IMT ( I) ) « I = i »?) 

)5 FOO»^’AT 

PPIMT 10, ( ( U FV ( I ) ,IMT (I) ) 1 1 = 1 *F) 

10 FOPPAT (1 y .4F1 0.1) 
l.FVFL 1 ( ) ) = ILFV ( 1 ) 

no ?o i-?,Po 

?0 LFVFU(T) = LFVFL.in-1) ♦ INT(l) 

|.FVFL?(1) = TLEV(?) 

. .. no ?i i=?,4o 

?1 I.EVFL2(I) = LEVEL? (T-1 ) INT(?) 

PEAO IM FIGFMVALUL'S FOP EACH LINE. 

no 9 L=1 ,VFd 
.. no 1 T = i ,4 

1 PFAD (4 , ?) ( vfiUJF? ( J, ! ) * J=1 *H0P) 

? FORMAT ( ?00Fn«3) 

allocate TO APPPOPPJATE LEVEL FOP EACH FIGFNVAL'JF 

--On 3 1 = 1 » HOP 

'. DO 4 J=1 ,f 0 . ... . ■ ~ 

.ii^.V.v»IF(VAHlF?n,l ) .GE'.LFVrLl (J) )4i5 ’. '■ V ■•-'S' •“ "'-V' .'.--s. 

CO^TIHiiE - .7 

^-5-00 ^ K=i,4n - . . 1. 

■ I F ( V A L 1 1 F S ( T , ? ) . G E . t. r V r L ? ( K ) ) f , 7 - ' ' * — ' ~ 

_6 CONTI^’UE - • • . - ' - - • - 

7 .-TArPAY ( J,K) = TARPAY( J,Y)4l.. . ’ 

• —“3 CO^'Tl^niE .. - - t. 

— .-,-9'-C0MTIM!JE 1’ 

TO format (1 HI) - - - - 

-- POINT 11 

11 FCrMAT(iHQ) 

POTMT IP 

1? FOPmaT(IHT) 

DO 4 0 TJr-l,p 
IK=I J<- PO 

I|.r=IK~lQ 

PP TK'T 1 0 .... 

PPI^'T 13, ( T'-'FAO ( T ) , T = IL , IK ) 

13 FOFMAT (Ay ,poi3) 


noo ' ooo ooo ooo 
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OOIMT OUT It' TWO niMKMSIONAL APPAY 

no 1 A T;=] ♦ Pft 

14 PCTWl 1 7 , ^ ( n , ( T Aopay ( I ♦ J) , J=TI. ♦ IV'i 

17 f o AT . PI T •>) 

4 0 CO^'TU"!'^ 

no 1 p T -1 , 

10 k'WTTFr^.lPl f TAPPAV ( T, J1 , J?1 ,40) 

1 P FOOMAT (40 I -^ > 
ooTMT 1 0 

CAl.CUl.MF totals OM Pr^TKiCIPAL firFNVFCTOP 

no i-'i.po 
no P.'i X =:1 ♦ ( 00 
?3 l 1 MF ( K ) -:1 P 
PnO 

no ?? Trl»4r, 

7? M|lMSF.P:-Nllf*PPf'- I AP‘^ A V ( J. T 1 
M0 = >MI*O4KfV>>n , 4- 1 . t' 

IF (’'•O.ca . 1 00) MOrsl '•0 
L IMF (r.'O) = 1 P + 

PPINT FPFOUFMCY OPAPH 

PPJMT ?4 . IHc-AO ( Jl • (LTMF |K) ,K = 1 « 1 00) 

74 fopmat ( 1 f>x* in, 1 y « I nopi ) 

?S rOMTiMiiF 
PPTMT 10 

PPTMT Il.FY (1 ) • IMT (I ) 

?6 FOPMAT (/f iv ,41 WP^>I^'CIPAL COMPONFMT D I STP I BUT T OM , OP I G I M= • Ff» , 3 1 
IISH TNtFPVAI ‘^I7F.-=,F«.3) 

PRINT in 

CALCULATF totals on SFCONOAPY EIGrNVFCTOP 

no 3S Is:). 4 0 
no 33 K=^l . 1 00 
33 I TMF (K) =1 p 
NU^PFP=0 
no 3? Ji:l*4n 

■i? = , I Y (vJ* T ) 

P/ii 0 . ) . •> 

IF (t'o.or , 1 00 ) ‘'Os:! OP 
I. T MF (MO) r 1 

PRINT PoFniiFMCY GP/'PM 

PRINT 74 impaO ( T ) , (LIMF(K ) ,K-i ,ioO) 

*^S COMTTmiiF 
PPTNT 10 

PPTMT II FY . T^'T f?) 

3G FOP*^'AT (/» ly.41HSt CP'''OaoY CONconFnT 0 T ST P I PUT I OM , OR I G I N= , F8 , 3 4 
llcH INTFPVAI «:T7t=,PM,3) 

STOP 

FMD 


Cion 1 ; I iort ooo ,.o 6 n*'' ooo nncMr.r.nr. 
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PPOGKAm P£ ST n ( input ♦ OUTPUT t TAPE 1 = 1 NPUT, TAPE ? = 0UTPUT* TAPE A) 

THIS PPOOPAM r.M GUI ATf S PESIOllALS OF THE TVO D T “!FM5 ! ONAL 
- r. I FTPl ''UT I n.vj rir‘,T AM) PP1?.C1‘^AI .' ] r,*rN v GTuPS 

* THt ktSIDuAl T S O-'r Tt ‘ IMD ^'Y CALCUl. A 1 1 '.-o TH!- :-’i:C']UNAL FKtOULf.CY 
AS the MEA^) r.F TAK ciirr^nUr.DlMG POlfiTS AA'O SUUTPACTING IT FKQm 
: J.Hf ACTUAL OHSEPVFD' J- ■ - . . . . ' ‘ ' 

dimension Tapr.Vy(F 0 »AG) .MEAryKaOtAO) .IHEAD( 80 ) 

initialize 

no B 1 = 1 » 80 

B TKEAn(T)=7 
DO A i = i , >■ 0 

...4 *-{; AD ( 4 ,3 ) ( ] Af'KAY ( I ♦ J) t J =1 f 40 ) 

— ^yFOPMAl (4013) 

- - - -I^CALCULATE PFSIOijALS BASED ON SX5. 7X7 AMO 9X9 REGIONAL ARPAY 

DO f B M = ?,4 ~ ~ . - - - 

no 1 1 = 1,80 
no 1 j=i,4o 
TOTAL=0, 

VALUE=0. 

I 1=I-M 

IF (IKLT.l) 11=1 

J 1 =J-M 

IF (J 1 .lt,! ) J l=l 
I?=nM 

IF ( I2.GT.8n) I?=a0 
J?=J 4 M 

IF ( J2.GT.40) J?=40 

calculate regional laiMBEP 



no 2 K = I 1 , I? 
no ? l=ji , j? 

T0TAL = T0TAL + 1 
2 VALUF =VALUF4- i A -5PAY (K , f ) 

VALUE= ( \/ALlir -T array ( ! . J) ) / { TCTAL-1 ) 
•NtA(:(I , J)=vALUE-^0,5 '■ 




A N (T,J)=IARRAY(I^J) -wean ( 
CONTINUE : r. 


print s 
Fr.pw AT { IHl ) 
PPJNT ^ 

PPi»-iT 7 

FcPuf.T { 1 hO) 




r-::' -IE P. I N T../iE 1. 1 1 M E A D 1 1 ) , I = 1 , 2 0 5 -uLZ. l.' . . .. ^ ^ . 

-.65 fUPF'AT (P.X ,4013). 


PRINT residual APRAY 

no A 8 T=l.qn 

66 FK'II-T 67, IHF AG(I) , (»‘fcAM(I, Ji ,J=1,?0) 
f .7 FORMAT (SX , 4 113 ) 

6H COfiTlNUE 
STOP 
END 
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S'^^J^'.^ri/jTrCIhstructiona EJre -giveA foiTpfep^ing data for the calculation of:---— 
^-r' lbn^tude ra'.d ^izimuth cr declination using a Control Data Corporation 3^C0 - 
. £zcomj^tcr* . .. . ^ = • --T. ...i , . ^ 
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1, Ii\'7aCDOCVJO’I 
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The cor.putci* iJi'Ojranj? dewcribcu .in U;ifj Record have been 'nicdiriod 
front the orii:inv.ii> written for the Vci'rariti. ’^J:i.riun' cccij/atcr (i^arlcln^on, 
lpC»3). The fjr;;t ;)rc~ri/r., coJlo-nn.r.cd TRl’iIMTH, is deoi^jned for the evaluation 
of 'belli the .v/;‘...uth of a reference mark and the atalion lon.'jitude u^inij the 
■'altituie . ithod' , Tin? i-ocond coco-na:aed DI'XlIIIAT, is for the eva- 

luation of the azin.uth of a :r- . eiice mark, or more usually the nri^rnetic 
declination, usJi.,^ the 'hour .afo method'. For both pro^prfims the latitude 
of the atabion be hi c. a. 


iJO 




lh-prut;r^,e uorl: to r.ii r.ccuracy of 0^1 lainute gfc* 


2. DATA INfbT AhD OU TrbT 

The follovinc cenciitions p.pply for both prosTams; 

(a) Latitude ie pocitivo or r!r:;.,tivc accordinj as the r.tatica is * ‘ . ‘ 
in ti;r; nortr.ci'n or the scui.e..:n hemisphere. Sirdlarly a northerly 
soiie; deci inauion is positive v/hei'ca.s a southerly one is negative, •* 

(b) l-or!?;itudc.' is alv.-ays cunci acred betv/een 0 and 3^0 degrees 
measured c.ast frum Grecmvich, e.g, iJa.it Australia. 1^0 , Mexico 
245 . 

(c) The GT*cen-.vich hour angle for tlie sun or a selected 

star is calculated from the nautical almanac for the time of 
observation by sumr.ing the G.H.A. of the lyrevious hour and that due 
to the fraction of the hourjV.hicli cmi bo read from the appendix. 

For sun observations, ho'.vever, this latter step has been incorporated 
in the program so that the insertion of only the observation time and the G.H.A. 
of the last hour in the appropriate positions are required. 

bnfortui:e tely the G.H.A. of the sun and or stars increase at 
slightly different rates (owing to the difference in len.gth of solar and sidereal 
deys) ; licnce, for star ob_crvations it is necessary to calculate the G.H.A. 
fully, ‘leaving blank z':c ^imo ooluano for hours said mii'.utes. If it ib nccessacy . 
to distinguish betv?cen oosc’ vaticn« done at -the same station wi thin aoy ^ hour , st , 
this -can bo incorpora .ed i: the eight letter name, for- example 

AROPA 1 *• J7. . 

AHOPA 2, etc. 

j^'rograrn TRUE^TTn - • • . : 




Prorram THUPPTH involves two com.utations: 

(a) azimuth cf reference mark 

(b) Static:! longitude 




2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

6 . 

9 . 

JO. 


for identification only 


The data required arc as follows: 

1, station name ) 
date ) 

time (accurate to one fiftli of a second if possible) 
position mui Oc.. i#i Ci. Ox sun or S;.ar east ox \*t^st ox moxidaa:i 

declination cf sin or star 
latitude 

altitude of sun or star 
circle reading cf azimuth mark 
circle reading of sun or star 
G.H.A. -.of 6u:i Qjp star 
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If either the azimuth or the longitude only is required frem an 
observation,' it Is acceptable to punch the rclevunt datu only. • Eor auimuth, 

*“ fer example,. tir«o und G.il.A. will be blank; the correct value’ of azimuth ia 
-'Computed but the value fo“* longitude v;ill be baaed on a G.H.A. of zero. Simi 
lariy, for a lon^tude ccroputation, the circle readinij of azimuth mark will 
be blank. 



The poaition indication of the cun or star is required for a 
I unique solution, to distin^paish between the two similar trisngles on each 
-the .vertical ploiic through the^^nafidian. If the observed sun or 
a In ^e-e^t^rT»~sky 'Should^- f icurej^in .;colninn - - 

if in the western sky by a fii;ure ‘3 (see Appendix a).'" ' * .r'^- 

The azimuth angle printed out is measured 0® to 3^0° from north 
through east. 

Program T.iUiilTTH is shown in Appendix B. 

Program DEbLIKAT 

Program Dj^CLIHAT is designed to evaluate the azimuth of a selected 
I reference mark; however, by substituting the magnetic meridian circle read- 
I ing for that of the reference mark the magnetic declination can be calculated 
directly* 


The data required axe as follows!’ 


l\ i<i-tification only 

3. time (accurate to one fifth of a second if possible) 

4. not required 

5. declination of sun or star 

6. latitude 

7. longitude 

8. horizontal circle reading cf mark or njagnetic meridian 

9. horizontal circle reading of sun or star 

10. .-G.H.A. of sun or star„,^__=.. - - *1: . 




po-srti<m indlcittien for. aun'or.star is xe<iuired,. . as the computer r 
^does this by testing the local hoiar angle.— Column 24- (Appendix A) is left ' 
^bl^kV - -- ^ 

The azindth angje is given between j^180 and +1Q0 , positive or nega- 
tive signs indicating respectively east or west of north. This convention is 
~convenient, Has. DECLITTAT ia-used predominantly for declination calculations. 
-However, when- preparing- readings from a declinometer, care is required in 
preserving the sense of both sun and magnetic circle readings, i.e. if the_ 
south end of the magnet has been observed (observer facing magnetic north), 
the circle reading of the direct sur: mu.jt be inserted: the north end of 

the magnetic is observed (observer facing magnetic south), the sun reading 
must be that of the sun reflected from behind in e. mirror. 


If this sense has not been preserved, i.e, if the observation has 
been made towards magnetic north with the sun reflected frora^behind or towards 
magiietic south with the sun direct, then add or subtract 180 from the sun 
circle reading go that the corrected^value remains between 0 and 360°, e.g. 

30 becomes 210 and 240 becomes 60 • 


1 


Di agrair a t i cal ly , 
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napu tic north ob..oivcd r.afjncUc aouth obBcivcd . ; 

cun circle reading — . .^- 

+ or -ino^ - - . 


v!' 

aui^ in front (direct) 


sun balrind (reflected) 


Proj^jiar. rdlCLIilAT i:: cho'.vn in Anrendix C, . 

.. 3- C F IITK )T l^ATA ^ 7^^.. vx 

Ulank uat-j, thtelc have Leer. j.irodueed,' afrohonr in Appendix A. ~ 
i^rvr* ti on data c- *i eo oria;’' A on th<‘ije ?i) tno f'ieVd co faclj- i»e. to the 
ly ^...nehinj oi J -ta cards on co:;St^le»:ifai of rhe survey. 

nio cL’ta i-ooets aie di vided into 5? ooIutitt.' snd used -as follows* 


Coliryi 

1 to 0 
9 to 19 
16 to 22 
23 to 24 
25 to 31 
32 to 30 
39 to 49 

46 to 52 

53 to 59 
60 to 66 


Station r.»ur.e ; p - 

r-ato (year, liionch, dc;/) 

Tic:c 

K (position of sun or star) 

Declination (sit-n considered) 

Latitude (sign i^onsidorod) 

Altitude (for TRUill^TH,* 

Longitude (for -MJCLI:iAT) 
f'laid' circle reading (for TilUilNTH) 
Magnetic circle reading (for DLCLrioVl) 
licrizontal circle reading of sun 
or star 

Greenwich hour angle 


but if the C.H.A. is calculated fully aj-.d inserted Is^invariabljr -^>=- -^- 
done T.iuh star observations), the rLinuwes and seconds "coluruns aust 
be left blank or the ccr.putcr v.-ill increr.ent the C-iH.A. by- the cor- 


responning anount. 


(d) Ihe value for N is inserted in column hrh * ' 

- (e) All antles are tc be given in de^cos, "r.rinutes,- and tCTt hs_of-~~~ ~~ 

V iilnutes, -.vitheut clanks or deciaal points. .. 

(f) for latitude' and deciinaticn, positive si pi's are redundant. ’ 

Lxaciples of data sheets are given in Appendix A. 


4. RIlFEHSkCnS 


PARKIMSCN, D. 


l.lachinc computaticri cf svn and 
star ebserva lions. 

Bur . Min . Re sour . Au s t . He c . 19 ^ 3 / 39 « 

















Pro':vr» rcU-IY? 
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' n I 1 o?r "/.TTf ; " '- .l - 

TYpf^r-^AL U'f. ,i(>'iv. "■ "■" 

I fOR!:AT{3ix,?;^:rATic!v’,v>:*<:?-;D/iTefr.'<^<cw7n^r:?r-«pr({A::::'>iiT 
LATI7UDc;;r/,rJ.XCN*PlU‘D5> 

WK i TP ( oi f 2 i J ' ; » ’ 

. foiTcat (J.» 6x,7}^v H PM5 Fnci.* 

► Hb AD ( 6C . 1 ) Ah,: , I V{=AP, , l^.OU) I'. » I DA V * i liOL'D , K I i:\J7i’ t ^5CS » 

IF(BOF,60)-/,6 - ----■ — '*■" 

FCRhAT(As, i:;, I2» I21F3, j, ' - '• 

K = A( I > 

BsA(J>-K ^ I 

C = R*5./3. ■ 

0(n = (K4C)A5.3<'.i59/ii:3. 

Xl = SECS/60. .•■ 

;X4c (ftINUTfc*xi)c3. 14159/720. 

GHA = D(Yi)«X4 

A2sACOS( (SPJ(DUJ ) -SI N(D<2)>»Sir: (!:.{?) )>/{CO£(DC25N?v 

;LHArACOS( <SPMD(3) )-SIfUlU2) J^SItHiUl) ) J/(CCS:D(2> )4 

iIF(B.GT.2)2,3 

'A7-c2 « «3 • 14 159- aZ 

GOT015 

LHA“2,<-3,14159-I.MA • 

;AZ = A7>D(4)-D(5) ; . 

•iriAZ.LT.o, 111,19 . . 7 ■ 7..,- .i 

AZcAZ^i', «3.1' 155 ^ -7 ~ • * 

I F ( AZ .1. T . 2 , ' , 1< 159 r tC 47i§.::r' 

A 2 s A Z “ 2 I *' 3 « 1 <5 i V 9 1 

AZrAZ'Jieo./j, 14159 " ' ' 7:" „ z:::^.; : 

L = AZ : . ... . . 

X?A2-L ■ • 

WsXr60, .. 7 

:.!f {CHA,LT.2,*53,14i:>9il3V17l7“ :i 7777 -111. :- 

GHASGHA-2/C3. 1/159, ;'",":vT:““ 7 7 - 4-C . liTt 

LCU'G~LI!A-GnA 
iraONH.LT.O. )?5»1? 

L0UG = L&NG<-2.c3.1A159 
LONG=LONG«l 50 , /3. 14159 

M = LC.\’G ' . 

YlsLONG-Nl 

W1=Y1«60. 

BIAS SFCS TO AVOID liPJ'JO SlG^i If; PRIK'T OUT 
SECS = SECS ♦ 0.001 
JYEAR= I YEAR^1900 
NA = A(2> 

ZAsABSr ( ( A( 2 )-fK}«lC0, ) 

WR I Tc ( 61 , 6 ) \'i r.E , JYEAR , MO’itH , I DAY , I HOUR . M I HUTG .SECS ,L 
FORMAT! IIX, Aa, 1 6 1 1 3 i 13 ; 1 6 , 1 3 * P5 ; 1 1 1 7 p 5 . 1 ; I Z » F5 . 1 1 1 7 
G0TC5 
CONTINUE 
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MACQUARIE ISLAND 
GEOPHYSICAL OBSERVATORY 
WORK, 1964 



G.O. LODWICK 


The inform.ttion conu-ined in s!il< re^’or. hns been obljincd by 
the ncparinicni of National Uivelopnacni as p-rt of the policy of 
the Commonwealth Government to assist in the exploration and 
development of mineral resources It nay not be piiblished in any 
fciir. or its:J ta a company prospectus or statement without the 
i peimission m writing of the Director, Bureau of Mineral Resources, 
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P af^G 


Plate 1 . 


Static scalG values, rapid-run 
m{pietograph 


(Era’.ving Kc G82/2-16) 


SIEE’ARY 


The author naintained the B'3 seisnolc/jical and 
goocagiietic observatories at the Macquiirie Island AEAHE base, during 
* 1964* The instrumentation included a vertical, short-period 

I seisrrecraph , and ncrml and rapid-run r.a{jnetographs . 

I RCfrulrr routine cbservn.tory data will bo published 

5 elsewhere, but data on minor local seismic events, probably not 
|. recorded at any other stations, are presented. 


1967/116 


1 . lOTRCDUCTIOII 
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-- At r.!ncc,uarlo Isl^ind the sciaiaclogical obseir/atory hae~ - 

been in operation since 1950 the geonagnotic observatory since 
1951* The instru'.i^onts in operation in 1964 co.Tipriscd two La Cour 
r.'ignetographs (a nort;a.l-run and a rapid-run instrunent) and a vertical- 
conponont short-period Benioff seismoneter v;ith a 31'R recorder. 

Cregson (l9^p) described the 19^3 operations.^The 
author was in charge of the observatories frcin 20th Oeceriber-1963 
until -9th Dcacnibcr 19^? was .succeeded by H. G. Sutton. ‘ 

Earlier reports such «'>b those of Gregson (l965)» van 
Erhclens (1961), Koll ing-swor th (196O), aiid Turpie (1959) include 
descriptions of observatory buildings, routines, and the installation 
of equipHient. 

_ . 2. lIAIirfEICArCB 

• *-♦ * ■ 
... ■ All huts and cquipr.ent on Macquarie Island are subject 
to continual corresion owing to the very damp atmosphere and rigorous 
climate. Sand and sea spray whipped up by high winds are blown 
through the camp almost continuously bo that deterioration of buildings 
presents a very real problem. 

I.lainlenance can be divided into two broad 
classifications* 

1. Station maintenance 

2. Observatory maintenance. 

Station maintenance 


All expedition members are recuired to assist in the 
Y/ork necessary to maintain and improve the station. 


. . Kitchen and' ness dutioB occur periodically throughout^:--- 

iho .yoar.--In 1964 during jhe summer" season, v;ith enlarged-scientific^^'^ 
staff, mess duties occupied four consecutive weeks, but. after- Llarch -- 
they were taken a week at a time. During these periods there" Is* ' 
littlo tine for other than essential geopliysical work. 


- - In the first months of- occupation the works programme, - 

involving erection of new buildings, installation of wanks, etc., 
demanded ccnsiderable ti'me and',' -i'nroiAghout the year, Saturday after- - 
noons were generally devoted to regular station duties such as 
shifting of fuel drums and the stacking of timber and garbage runs. 
Fainting was done as a joint effort by the party during September, 
October, and llovember, whenever v.'oather permitted, and seal branding 
occupied tlto first week cf llovember. 


It should be emphasised that the geophysicist is 
often expected to spend two days per week or the equivalent on 
general camp projects. 
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yi'norv.Mtow rrnut.pmiip.p 


i_c . Ov;in- to j-ricritin:: osai^Tioa by A!:aRE, tha 
liuis wore noL I'aintou at all uurihij l<ul in Doot:nber 

Vncy wore in fair coniMtion. ^’iso oxror.od v-oatr^in aide l.aa. been Pand 
bleated alr.oai b;iro, while o”. Die other partf! of the ortorio-c older 
layers of print have ,;r.i e:'!' v. 1 rv • ro.:t:jne cwb.r .:o vi:e de>:;ruos. 
M the plywood panel:? be: oaih. in weawhor v.->te»* trickles down tne 
i.;siuo wallr of the v.iri o; ;otor liuL . cn no ccc.'ision did dfinpneso 
iffect rti£ 7 ;otio recordi:.,; in the Ivnt. T/ith winds up to K*3, ni.p.h. 
recorded cn tho camp ar.cm.or.ctcr in KCd no movement' of the buildings 
fcculd bo detected, altiicnyi; thj? rcccrdc would .Mmost ccrtairly have 
{)cen affected if the v.:^o -r- ::wL hwd :..cv-d . 

In January both skylight windows of the absolute hut 


o c: --ih ?c-';:s •v'lich cccurrcd 


t ore removed (the crae’ o:;-' re^irr.^-:} 
round tr.e glass during rainy poricvts, and th*-' western window that 
'■S id^beer: to: rjorari ly s;>a.] -'d witii :'.w::cr.iio v;aa "op laced. L'lU'ing high 
yinds in October a window cm the. sou.l.eiTi face cf the l.ut siiittered. 
^iiis war also rojiljiceil. 

I absolute hut fitted poorly and 

/iorationc of tho building during strenj winds wore' often enourh to 
Jet It free and swinging wildly. In August the door ?va 3 removed, 
ibout a quarter incii was pinned off it, and the lock was renovated. 

f 

During the olepiiant seal breeding season in Soutomber 
;ne outside instrument sneltor was linockod over and the battery box 
pushed askew*. The former was repaired arid re-s.i ted ana the latter 
righted. It is strongly recommended that during the breeding season 
i concerted effort be made to koor t:.e area around the magnetic huts 
reo from female seals by chasing them daily. ?hi :3 will avert 
)roolens (access to tho arcca, banging on hut walls, etc.) such as 
.hose caused by a hai*e;n wi.ich devcloved close to tho va.riometer hut 
.n 19c4* 

Eijrly in tho ye-r an exterior limht was fitted to tlic 
•xtremc southern corr.or cf the vari— eter hut. ?-his was ai: -r.dvantaf e 
turiug the rd.crtfr dr;^.'s, it the afteihoo.n m“V'-ytic 'rcutirar was often 
'.one after vdnrk. L'voi'y prccautica wat .:akon tc ensure t'.e fittings 
iQre free from magnetic mattri.?.! . ^ 


Go^s:;Jx. The ienwitien of t;.e office and dr^rkroom is 
}uitc good, ln;t t::o luilined ga-i vrr.f.r^d iron or. the darkroom roof shows 
jxtensive patches cf rust, vurGciall” at tho e.i.res, w''*^'''q muc''- h'^'s ’ 

•eeneaten aw:iy. It is heted' .that' t::o’ application cf a* thick'coat ‘ 

Jf silverfrost in October will have delayed f^urtlner deterioration, but 
•'his rcof must be re*' laced at t::*^ c 


^ ' ft '? *■ ft" . 


Lunit.v 


Considerable tim.o wns spent imrrcvir.r office 

iccomhodal i cj; a"J d' ■"'i ■*' *• ^'-ft-i ' t'.., ^ 

^ ...critr lam:.r were ir.strdled 

u- t..e top an., bottom of the stops leading tc the office, with two- 

.•ay switches at cither end. This was of value during fr.e winter and 

u. n3g..t. The car*:r''.em light swite'r^.: vc-re replaced by exterior t'-re 

‘witches to prevent shocks received w.aen tcuc.hed by iianis wet witl/^ 

ixer. Pewev points backed 'ey asbestos were in.stalled in the unlined 

itoreroom, which prevented short circuits in damr weather. 
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Early in the year a* handrail was added to the niost 
.exposed section. of the steps le«din^-to the office.' This v'.easure V- 
o'onsiderably lessened the risk of belri" blown off tlie steps in high 
winds. 


In June a new P.A.X. telephone v/hich included circuitry 
for autor.atic fire detection was installed. Detectors were placed in 
t}ie office and daz’lcroon. The office circuit however,* was disconnected 
riawSExteriber because it:was on an exrension from the sux’gery which' 
-■*ra» re-sited at that tifiie^- The offloe will be reconnected through 


Electrical heating was avaijable for the office and 
vault even during periods cf emergency pov;er. The darkroom and office 
were kc^Jt at about 70 ? by a therr.cctaticcil ly controlled heater. 

This -assisted in keeping the-l'ercer- cl^ronor.'.otcr ( tep.^vGraturo 
dependent) at a reasonably constant rate, as well as facilitating 
34'^oughr record dryingv ■■^e''T'a'ult''h3^ateT was 'required to prevent 
^cendensation on the lenses, which caused seisr.ograph trace fogging. 
Also the 'paper is r.ore sensitive as. tlie higher top.perature lo.vers the 
relative humidity, which enables tne trace lamp to be run v.'ith lowe.r 
current, thus increasing lamp life. 


Leaks occurred in both the office darkroom section and 
the vault during 19^54* Leaking through the join botwoen the wooden 
office section and the concrete vault is a perennial problem, and 
though this leak was caulked in the autumn, leaks reappeared in the 
spring. During driving southerly rain in winter, lealcin.g occurred 
between the concrete slabs of the vault roof. V/ater falling on the 
recording drum resulted on two occasions in some loss of record. This 
was a minor leak and nc further record loss occurred when the 
recording unit v;as relocated on the pier. 


During the year cracks in the darkroomi and around the 
darkroom door were blocked to make i,t light proof, the barxhes v;ers 
reorganised and covered with lino t« prevent the weed becoming 
-©€ik-ed with'fi-Ker and- devel-o^ier, the- office -desk was widened hy - 
'.eXourr* inches- find ccvereiJufarthrlino. 


^ . . • fjiyjQ darkroom -water supply caused some trouble din* ing 

the year. The sink top, -which v;as in poor condition, blocked up 
“occasionally and was replaced'; "Tiie'inlot from the spring on "wireless' 
"Hi ll --c as pcriodically-bicckcd :wi til slim, G, and the only solution to . 
-tKis was -to- clear out tl^ inle.t.-taBk'montiik^’-. As well as this tho -.- 
; Section' Of. T pipe' buried acrCSC the valley to carry overflow fo the 
; ki'tCheh' tanks , blocked Up and had to be dug up. 


During v/inter the temperature often dropped below 
freezing and on three occasions remained there for about five days. 
Though onl^, tlio upper three inches cf the darkroom tai'.k froze over, 
the water supply stopped when the water in the ten-foot connecting 
pipe froze. In the spring this latter './as replaced by bov/ser hose 
made cf rubber apprcain.atcly y inci'i thick. The area around the tank 
outlet and the darlzroori inlet have been weil insulated and these 
measures should gi*eatly limit future freeze-ups. 


The exteriors of the office, darkroom, and storeroom 
were thoroughly painted and the insides of the office and darkroom 
were brightene'd with suitable colours. 
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The tools were four.d to have been freatly affected by - " 

0 dajno salt air, and althcr.^h still fairly norviceable, were not In 
condition. They had been stored in a heated cupboard ccnctructedr 
• •‘he storeroom, but early in the ye’ir were tioa^ed in o5.1, v.'iped with 
■;nctrcne and srt up on a shadow board on the darkroom wall. The air 
•>"e is Vt'anTmer and drier and so shcald assist in keeunm them in 
>asonacle working order, but I surest they bo cleanc? with penotreao 
I least yearly. _ 

’* On tw’o odchsibha the effice ra-aio aei'icJ. clew down 

The f irt^'- tirrC tnrV;iro r.-c ^hchbr; t- 

cr which was easily rejoined, but on tiie secoMid occasion a considerable 
^■.tled loni_,t;: in the middle had to bo ropiaccd. 


"j.ri ' — ^ ■’X 


1 r 7 V 


b-' ~rct erraph cneowati on ^ . . h_ 

The instrumon-tation in '9-^ '’.'as identical to that in •--i 
Cad (Greaser., 196b)- Itoatine recording of both mapjiotcrraphs 
entinuod with only minor adjustments during the year. 

Record losses for the year totalled approximately 135 
race hours for the normal-run instrj^r.ent and : GO for the rapid-rui'.. 
uch of this \}dS due to mcchrinical drive failure, although the 
cfocusing of the Z-trace early in the year, three lamp failures, and 
recuent camp pow’or failures contrib'ated significantly to the rapid- 
un total. 

The La Ccur clockworl: drives for the ncrmal-run 
agnetograph were generally unsatisf icocry . Early in tr.o year ohese 
topped on a number of occasions. Each timo the drive was taken apai-t, 
leaned, and replaced, only to stop uy-in after a^limitei period, in 
pits of application of varicas cleansing epy.‘n"cs ^alccnci, ether, 

crosene, watch oil, etc.). ..Tien an arives ceCEme ur-renabj.e a 

iock^v/ork drive bcrrcwc-d from _a meteorplcgicra-insprumem- •was "~r 
edified to drive tlu: reecrdlhr drutm -T'his'-w^ checked thoroughly 
or magnetic prorertios, and at the ‘reouisite distance frem the 
arioiristers had no [oeasijira.ble -efiect. rrom -tnen on, no normal -run _ 
race loss occurred c’us to drive faii-rre. ' ^ m ’ 


The ra'cid-run recorder vas driven by a Venner 
\->‘'C^"ir onous motors v.*mcn Y**as most re^iaoie. ijErly m yoctr, 
oweverj sledge trouble occurred iniomttentiy out tnis waS 


veredme- by thcrcug-h cleaning and use oi 


suit ab 1 e weight. 


Lt sr.o'u] 


be emphasised mud 




s half of all 


race loss can be attributed to purely mechanical drive failure. Five 
selesG drives (feur normal -run- one rarid-rur/ 'were ret'urned wO 
uEtralia at the end of the year, ana ii tr.o present dri\s system 
0 be continued, it is recommended that at least some of the 
bcervatory drives be interchanged wion nead Office annually. i«o 
facilities exist at bicciu.'irie Isicn. po p'a.-nta^n tl.ese. A1 ^ernc;.oi\ely , 
enner syncliTcnous motors are censiderabiy TiCre reliacle in this 
limate and had it net boon for numerous camp power failures throughout 
he year one would have been installea on the ncrmal-Tun recorder. 


I 
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As ti.crc synchronous motors opcrnto on currents of the order of 10 
cill 3 ar.ps, it should bo noither too difficult nor too costly to have 
them vibrator-dr ivon from the 6-volt rccumulator. ?he possibility 
of this as a permanent modification should bo investicated. 


throusi 


~~ The I,c;JCcv.^pexdulun_cl.ocl; .hnd- r so!:iev;hai; errc.tic_r^c 

fuoui; thG*'ycurr~vaf?irr ,5 fr.^^ vo*' df.y 'velocity ' 


t le walla),- humidity, ctcvj-but a dni'ly. ratre ' tjf- ' 
e seconds ^inini*^ vrso most common evun with the fine adjusting: v;eig:ht 
v.our.d fully out. To avoid ccmplications arising; from resetting; the 
minute hand recularly, ejid also interpolating time corrections, a 
different method of clock adjustment v.-as introduced tov;ard the end .of 
t}ie year. The clcclc \/as ccm.pared with the ■.lerccr chronometer at about 
2330 GT^, immediately prior to record change. Then the pendulum was 
stopped for the jmmber of seconds necessary to set it 3 seconds slow. 
Because- the clock had a-general rate of eight seconds per day it 
would usually be five seconds fast "and so could be reset easily.- In- . 
this wa;/ the correction at the beginning of the day was 0.0 minute 
and at the end of the day rarely exceeded -0.1 minute. 


On tlxee occasions the rapid-run trace lamp fused 
necessitating readjustment and refocus of the light spots. 


Early in the year intermittent faults in the absolute 
tine-mark relay were traced to deterioration in the circuit joints and 
these wore re-soldered. Also fluctuations in lamp intensity in the 
rapid-run unit v/ere caused by poor contacts in the lamp socket and a 
new lamp holder v/as installed. 


The battery charging circuit was modified to allov/ 
continuous trickle charging. This ensured that the electrolyte level 
v/as always satisfactory and £.voided cell damage by excessive charging 
rates. ITeasurement .showed that a current of 2^0 nA greater than tne 
-loud was suitable? . a -two-oh* potentiometer in the-'Oher^ng circuit- y 
--allowcd this to bs-jrohiwe4. — — - - -- "•<- 


Control ccserveticns 




.-..s- - -aw* 


— ^ Absolute observations in 1964 were done witli'a" ECrT l 

_Kcv/. pattern magnelCmeter IIo. 15Q» Qir.!s 17 Q and .179? and 3I-tZ_64. 

'B^’ihg each changeover the Q/H’s and Bill were compared v/ith instrum ent s 
is'^nt TrBm TcKDlangiT-^ CJITI- 177 » -.long- range T2l',""aB v/e 11- as prot on -r ^ — --- 

' pree'eS’sion* aagnctcm3tcr~irT2-1 ITo. 1.- Frelimin^y .pewits indicate - - 
that on both occesiens the intercomparison observations produced 
consictont results. 


\7eekly absolute observations provided good baseline 
control, and there was lix-tle difficulty in carrying these out on 
reasonably quiet days ore Years 01 the J^uiet Sun). 

Experience showed the most suitable period of the day to be 
immediately after record change as this was not only the quietest time, 
but also the period when the sun is at its highest. This was 
important during the short dull winter days. 

Freliminary baseline values are quite steady. Cn 
only one occasion was there a marked baseline change. This was a 
sharp jump which occurred in Bevembor when the K variometer was 
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(.lislurbod ilurijif; o-’ir.jilat.roji teaJ.D. Table 1 inoluies otandard 
ceviaticijp of Ih * cbnervod fror, adopted valuoG. 


Little difficulty \>ns t?xporienced with the absolute 
instruTi'juua except tliat the Cj.T'. lyO thorTiOr.eter was broken early in 
- the ^oar and rorlaooi by o»v' sent dowi; in !*arc!’. , and on dtl; April tJie 
r. ipartic w a bw''-': • •d.il.o Va'Clrit'.pet, reral tir./ • in lh » dicplr.ccrtc-nl 
of the r.u'T.ct frr?:’; vhe .Veri fc ^his, was c\*rpfulli iUid 

^althou^rh a vujill occurred in routral division, no detectable - 

Vaseline clianre occurved. As in previous years trouble vain 
txperu ; c.:n with b’v -lu of ti o f-bre, as there in no \a.y of 
clanpii »/7 it vdiile roriovin^ or invert in^; the C'lj'piot. D baseline 
scatter was notico-ib1o nuv.inr t)ie year; nore reliable results should 


1:“ yi.ca by th. ‘ . .’r.'M- 

The a/inut*; mar): nci-.all'* 


troevve 


U.c erd of It'C'l. 


‘or the J observations was Aj*cJ;or Rock. 


The alternative ’Rest* r.'ad., used v.h<-‘n visibility was poor, was 
ch('c.l:ed fo'' ss:.i;"u:.h .s socn as possiula rd‘tei".vrii\is , since strcr.c winds 
r.ovcd ii sii{:litly iro'.n tir.c to tine. 


h'ornal-rua }i ar.d Z scale-value determinations were 
nade weekly and D scale-value deterninations throe tiros throin;hout 
the yorir. Viicrc is some scatter in tlicsc results (s€'e Table l) but 
no evidence of overall drift, note that because the H nacuei is not 
damped, and H is small, the mafpict took six nimites to settle, oven 
thoufrh the deflcctin/;; field is not applied inpulsively . 


Rapid-run scale-value ir.easurenents were tnp.de monthly. 
The H .and D scale values renained quite steady but the Z scale value 
increased from. 6.3 to P.6 through the year (Table 1 arid Plate l). 


All determinations were made with Helnhotc-Gavqqair. 
coils. The scale values adopted for 1S*o4 are shown in Table 1. 


Pat a distributicn 

- Pata reported- monthly cemprised K-indices ar.d 

I>rel ir.jin.axy inonthly me.ui valu-.*s based ou ten selected quiet daj'S. 
Special effects, sudden comnitouceruents , storms, etc. were reported 
aPtor return to Ai:ctralia. 


.Qv. jet d a.’"’ ( S e ) cur v o s 


Sq cxurvGC were ccnctructcd for the first v-ooUs of the 
yenr but the v.ariatlrr. wnc very'sr.all for H end Z ?nd. it was felt that 
no inaccuracy would result from ccnsidei'ing the curves as straii^ht 
lines; thi fliculc bo ..c^ r.ccwr o nr. usiTij Ih.c quiet ciu've cf a dey 
almost a week away as is frequently necessary. For very quiet da^'s the 


best criterion 


f or 1 K-scnlinys is probably ’rmcothnero ' . 


T)ic D vciriomctor, boin^; sufficiently sensitive, shows 
the Sq variation, .'»nd ourv'os for P were prepared in the follcv.'ing way: 

1. Solect feur of five quiet days for the month (spread 
out if possible) 


P 


Scale r.oiui hmurly ordinates 
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3. Mean these, transfer to praph paper 
-4* Transfer these ordinates to plastic shoots 
Construct curve v/ith French curves 


Orientation tests 


r:.-vr.'-rr The aean meridian, used'^or November" 15-4 v/as 26' 15»9’* 
tests »?ere carried cut on the"!: and variometers of 
both ma^etocraphs , and the results are shown in Table. 2. The 
accui’ac^' values given in the table arc derived from the estimated 
errors in aligning the coils, measuring deflections, etc. 


4 . SFISMC C3S£iiVAT0RY 

Seisr.CTTa-ih o-peration ' 

Observatory recording continued on from 15^3. The 
instrumentation consisted of a short-period vertical Eenioff 
seismometer and a single-drum BI-!R recorder. The seismometer period 
.was 1.C0 second and the galvanometer period 0.2 seconds. 

Time marks (in the form of trace deflections) were 
obtained from a Mercer clironometer and a mirror-relaj" in the light 
source. Some trouble occurred v/ith chronometers during the year. The 
balance wheel spring of Chronometer 18683 broke in January, 1909O had 
intermittent contact trouble until these were properly cleaned, and 
the winding chairr of 18785 broke in September; 19O9O and 18683 had 
four-second contacts from 56-6O seconds and hour contacts of twenty 
seconds between^40-60 seconds. Chronometer IC789 had only minute 
contacts from 00-05 seconds. This necessitated putting on manual time 
marks' during the day because all minute marks were identical find 
-power failures averaged three or four per v/cek, which made their 
*_ identification difficult. In fact if the rapid-run'magnetograph (with 
■ hotff_ marks } had not' been driyen by* the camp power, periods between two 
power failures on the same d.ay'wo'ulT_haA^* be'erT impossil^’e t 



Total record less for the year amouiited to 95' hours. 


' The principal reasons for this were lamp failure on three occasions, 
-y" leakage of -roof above recorder twice, -seismometer tests,- power - 

. . failures, and driving motor failure once. ~ 

‘ r- - — -- 'In general the focus of the trace .was y cry .good. - To 
obtain this, painstaking care v/as required when renewing the light 
source globe after a lamp failure. 

Microseismic disturbance due to surf and wind 
necessitated various at*-c-nuaticn settings. On exceptionally calra days 
a setting of 28 dB cculd be used. On normal windy days 30 dB or 32 dB 
was required and in gales 34 dB was required. Attenuation settings were 
recorded in the seismic leg. 

Instrument tests 


Annual seismometer tests were c/irried out in May. They 
were the determinat ion of free periods, damping, and magnification. 


1 
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The rz'jiZs v;us recontred and aliened, and the i> 2 riod 
adjusted to 1 second (v.ithin V>») . 

The seismometer damping v;as adjusted to give a 17*1 
ratio of initial deflection of spot to overshoot. The nagnif ication 
was determined hy the ’.;eight lift method using weights of ^ and 10 
grams for different at t -‘nun lion. The results were as /ollows;^, 


Attenua tier. 


?.*am-i f t c s 1 1 CTI at V t / a 

9850 + 50 
7950 
6200 
4B50 
3950 

3150 " ^ 

2450 


Chronometer comrarison 


In previous years daily corrections have been 
measured at Haccuarie Island at about 1700 EST, the fiercer 
chronometer being compared with Vr.’/V ’.7ashington or Honolulu. This 

time of day proved the most suitable, reception of both stations 
generally being very poor during the ear'J ler daylight hours. 

Invariably reception v.'as best on 5 or 10 Mc/s, but fading during 
magnetically disturbed periods and interference from stations close 
in frequency often made reception difficult. 

The- possibility of comparing the chr Cx'.ometer- immediately 
^before record change earn dsy was investigated anq It- was foui'id that 
'reception of Austr iliar. Test Cff ice Time Signoi transmission from , 

v/as usually excellent. These tim.o signals are m.cnitcred from Mount* - - 
Strcmlo. The time pips as trar.smitted are of the same order of i 
accur.acy as '.VV.^7, but are more accurate on reception .since the shortgp 
path distance reduces tim.c lag and dispersion caused by- icncspheric 
-variations. This lag fer VhG is of the order cf one hundredth second 
compared with one twenty-f ifti; for V.'iWlr. and one fifteenth -for V,’'.7V. 
Indeed in the early aftemoen it was not unusual to record tim.e. 
differences of up to one seventh second between V.'‘..'V (15 Mc/s) and 
ViJG. Investigation with directional aerials revealed that cn these 
cccasicnu tne signal on was being received on the 'long' path. 

In general slight differences cculd always be audibly discerned 
between . V.7.TH, .vnd V.-.7;. 


; VHG broadcasts continuously on 12, 7 *5, and 5*5 Mc/s 

with 10C0-c/s pips every second except the 59 cf each minute; there 
are no pips in the first minute of each hour when the call sign and 
transmission frequencies arc broadcast in voice. Though pips in 
! each minute are identical, no ambiguity should arise when the 
I chronometer has a fairly constant daily rate of a fraction of a minute, 
' but as a precaution a weekly 'minute check' can be done at the hour 
. or against ’iT.W or VAr/H. 
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ShookG recorded 


Prol ini nary neisinic div.ta were reported to Hcnd Office 
twice weekly. As in provioi:s yearc the hc.'i\ 7 ,\ nicrpsei-nic disturbance 
limited the number of shocks recorded. Pinal analysis of the records 
usi!i ;3 the USCG3 data revealed 9? teleseisms. fe\:eh minor eartr.n;aakes. 
Y.e?e felt at ’lacquarie iLlarid in frori: 

eorthcualicc wore identified diirir.ij the year.* A lil;t ,5f those probably 
‘not recorded by any other ■station is given in 


I'otes 


(a) The* ir.a'’C'r Alack'm earthavoke that c^ccurrad on ?fth 

March was recorded at ;:r.ci?’.iaric Island. Several ho'ors 
later the tide gauge revealed a general rise in sea 
level on. ten -inches from -tjic tsunami. • - - - 

(b) Local earthquakes wero fnlt as one impulse or shudder 
lastij'C only one or two seconds. I'ost of the ground 
movement recorded on the seismometer lasted less than 
a minute. An interesting observation is that six of 
the .seven felt quakes occurred in pairs, as may be seen 
in the following table: 


Date 


Felt by (l8 
people total) 

Estimated (modified 
Morcalli) 

8th 

March 

11 

in camp 

III •!■ 

18th 

July 

1 

in camp 

II 

28th 

July 

9 

in carp 

III + 

2nd 

llovoraber 

17 

in camp 

ly . 

3rd 

Eovomber 

2 

in enmp, 1 

il-R (ca-mp)“ 



at 

3auGr-ray^- 

(Bauer. Bay) - 

24 th 

Ilovember 

2 

at Hurd Point 

III-; 

-27th 

1. ovemb er 

5 

in camp • 



-Estimatiem of rfeltd intcnci-ty^ oft-en-^iff icuit-'tnslng^- 
to-high wind velocity ^nd pounding siirf;. ' • - ,1_ 


(c) Six T-phases were identified positively. 

5* as?:i;cv:lejG5:z:^s 

The author is grateful for the general co-operation of 
the AhAl-3 party and in particular the assistance of T. Gadd 

and R. 0. Kunn for continuing routine recording during his absence cn 
field trips. A special mention is due to II. Stair for providin.g the 
clockwork drive which enabled the normal-run magnetegraph to operate 
for the last eight months of the year. 


i 

t 

r 

( }REaso::, r. j. 
’tICLLIlIGS’VCr.TH , K. J. 

f--'- 

'tghpie, a. 


.YAi; liliKELEi.ij , C. H. 

i • 

(i " 

1 

a 
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6. REyEltElTCES 

1965 I'l’-cquarie Island c^opliysical 

obsorvatory work 19^3« Pur. T:ln . 

Resour. Aust. Hec . 1 9^r>/23 • 

1560 I'uoquarie Island coopli^/slcnl 

observatory work, 19 !j 9* Pur . ? .in . -- 

Honour. Aust. Ree « 19oC/l21... : . . 

1999 Geophysical work at T'aoquario Island, 

1990. Pur. ;.:in. He sour. Aust. Ho c. 

1959 / 123 - 

iu6i ’'acquai’ie Island c^^op'.c'sical 

observatory v;ork, I9CO. Bur. I!in . 

Resour. Aust. Hoc. 1961/26. 





K and Z values in ^arrj^.as, f^ainnasyninute 


TABLE ? 



! 


i- 


AFfESllLJ, 
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?iir.or EarVr.ouakes rocordod i:t '‘'^c 

•uaric Island 

quakes have 
tcleseisns , 
jssod in ili 
recorded a 

been • 
r.n ,1 o:* 

0 tent. 

f 

1 

reported to 
* local cho:-' 
!?he follo.i 

liecorded p)in:5oa of 
ISIIC. Vhess tol a lied 
3, and tI*:C : ''ven felt 
1;^ liat inc...*'d?a a]i c 
si and, ri* Ob ably nono 0 

Tlio tir.e lioti.d gi 
he first recorded phss 
asGS, if my, are nol, 

all ma^cr earth 
100, including 
C-\r in:^ 
ther eavtheu-ikon 

[llacquarie I 
r 

j preceding t 
jof other };’r. 

t 

i 

f which liaa bVoh 

VOS only the day 
0 (invariably P) 
;:lven. 

. rec cried olseivhere .‘9 

, hour, and r.inute 
. The arrival times 

[pcce’^her 1963 
1 





211018 

220701 

221603 

231215 

24 1 801 

2SC245 

- 291557 






•January 1964 

i 





! 011307 

011502 

050955 

080015 

110202 

141049 

, 170624 

181608 

191700 

211405 

230130 

241249 

■ 250900 

f 

281942 

302205 




f Februaa’v 1 964 

t 





r 

011315 

020059 

022312 

042233 

O4225P 

100145 

; 1 0034 7 

110035 

110041 

110550 

120331 

120553 

121541 

122236 

1 300 1 0 

130035 

142046 

' .1 91 520 

V02257 

22121? 

230305 

270233 - 

252359 


: !!arch 1964 




• 

' " 

011303 

020333 

020435 

022247 

040702 

C4II2I ■ 

; 05.1 81 9 

072015 

C814OO 

082049 

09 1809 

; 161416 

i; 181259 

I81722 

240106 

250224- 

3Q1022 


I Arri! 196.". 






^ 071330 

071934 

112022 

140600 

1 40820 

141120 

! 220334 

221706 

232045 

232059 

232120 

2406C5 

' 292121 






' r.av 19C4 






140601 

140923 

180601 

1 80644 

181 321 

281133 
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= •■ C61835 1G0954 

- - 2,62012 . 260523 - 

- July 106/1 

• .-^031657 110553" 

V ■ 6-220204 " 28210? ^ “ 

'IGI604 

190341 

201603 

. - 221033 

.. _-.J92134 
"^-^0042-:-: 

. .1G1613 

2.61 62c 
-77351 

...... .-0^iQ(42 

*Aun:st 1''6/. 


020113 021934 

035-!<;9 

031551 

040207 

051123 

120022 ■ ' 120023 

120211 

140:^26 

1 60841 

201709 

-.--260606 270749 

"f - -.8 ert e mb cr 106/. 



• 

-I' 

031433 130019- 

132340 

190003 

190014 

200240 

220712 221337 

231554 

231737 

290234 


October 10 64 

011045 040920 

OGO513 

140226 

1 50648 

162212 

171739 192147 

200739 

222230 

230154 

241655 

271237 29OGOO 

Kovenber IO64 

011702 030042 

031942 

052255 

061143 

080519 

>00555 112002 

140258 

140342 

1509?4 

200332 

--211919 . . 221713 

23091.8 *. 
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arc (jiven in days, hours, ar.d a 

December i960 2IO709.9 
August 1964 3 C 0 e 50.3 
December 1964 C6O319.9 


entified. Arrival 
inutes and tenths 

July 1964 
October 1964 


times of the I.lajcirna 
of minutes. 

260646.7 ? 61 856.4 

12 ^ 955.2 • 
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In Februar* ‘"^'•^1 V^rcl. t9c6, the 'i'oi-e:.u of IUncril Resources 
irrled out n re^i. or.il rooca.'.ji cur/ey cf the Australian 

arital Torritoxy a.vl a oart c:' southern .'.'cu South V/aier, coverinc the 
1:2S:,h.: r.ap areajo:' lOULBURh, o*.:..\D’JLLA , C.V.rJSPJU, CjCTAirJhIllLV, rind 
rart of V.'A3CA. A Jesoripticn of the toohniquo cf f;ravity siir\'oyin8 by 
helicopter is given by Vale a.id Hastie and Walker t19o2)» 


The r.a^lor objective 
in the teclmiques of grrivity 
regior.al roconi:aicsance gravr 
thereby asGiating in the ,1c 1 i 


of the survey r.as to train ne*\v perscnnol 
a,nr/eylr-g by helicopter. In addition, jthe 
ty coverage of Australia uas extended, 
nentlcn of r.ajor geolcgical strjct\ire. • 


test ed. 
ological 
and the 


The nu; tiplo-basc tocV.nique of barometric 
In vie*.': of the vtriov^ .vell-def ‘ r.ed goegr.'. 
provinces cverod 'the coactal plain, the 
llosciusko ,>1 iteau' as ..ell \c the cvcte.'.sive 


he i gating was 
hi cal and meteor- 
.nlnr.d tablelands, 
elevation r.inge 


from sea level tc 6110 ft, it 
of the present si.nglo-bcaae ’-.et 
revealed. The resul uc of thir- 
report (Lodv.ick, in prep). 


as eupocted thrt limitations in accuracy 
,cd of barometer levelling tould bo 
i.ivcst igation are described in a separate 


Appendices 2 and 3 descia.be work carried out in co.njunction 
with the Division of National .Mapping. IJuring the course cf the sirtvey 
ties wore made to points established by the National Mapping e^-ovation 
meter. The results are presented in Appendix 2. Appendix 3 describes 
investigations carried out to determine the best way of obtaining 
positive identification on the aerial photographs of the station 
positions. 


Investigation into special operational techniques which may 
be required in difficult t err -.In, .uch as the clearinrg of helipads, 
was also carried out. This work is described in Appendix 4« 


This report is only a preliminai'/ assessment of the rosults 
of the sur’/oy. . ,■ 

2 . GVX)L0 CrY ^ • 

The s;ij”'cy covered :.arts of t;70 distinct geological previneez: 
the Tasr'an Goosyr-cli-.o and the Cydney Bas.tn. 

The Tasnar, Ceosynclir.e 

Lower Fe.laeoroic rocks cover most cf the su3";ey area.' After 
depcsiticn and up to the end cf the Silurian period these rocks were 
faulted, folded, nni subjected to regional .metamorphism. Tr the late 
Siluricci and Devonian, extensive granitic intrusions with associated 
contact: r.etamorrhirz! t.v'ili zctl the geosyncline. Prominent faults 


such ar; the C-ccciz aid ■ 


erra-'biegee a::'i parallel to the granite 


intrusions which t rend IINV/. Granites of Devonian and 3-lurian age 
occur extensively .in tk.o Tas.mzi' Gaos^mcline. Serpentine crops out in 
easrt COGTAirUiiZTA r.l'.n , a narrow north- tren ling ~rne. Ih'cm 

Yass, Ecurh through the A.C.T., widespread acid lava flows of uicdle 
Palaeozoic age occur. Ti.e rzjlfn was stable durizig the Liesoacic, but 
uplift, erosicn,t'.nd subzide .cc luring the l.ux.csoic wera associated wirh 




-j- 


T.V3LE 2 


original page is 

OF POOR QUALITY--^ 


Gco?w 0 'wril so or.c^G - -- »T.s jn ^sc\>thorr. ) 


Svston 

Hook ’init 

Li thology 

Comment i 

Thicrciess 

...... 



■ 

— 


"^hin. * e rna r /■ 

Alluviun 

S ind and " ~ i""^ 

swnnp deposits 

1' nil St urd>^-'^ 

“ -■ “IT-. I -r 

Tertiary 

Sell rente 
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■aaS€.\it 

Oli/ir.o basalt 

•f 1 c.v s 

0 

rcrr.inn 

lUiton Bon- 
zc.nito 

r.cnzonito 

porphyry 

Laocolithic 
intrusion -- 

- 


Temcn Ess- 
ezite 

.Uv data 

y*o data 

D\1 w *uO 

likely 

1 n t X* .Its ▲ V c 

- 


Slioaihaven 

Group 

3ancis one , t> 1 1 — 
stone, and con- 
glomerate basalt 

I.ntruced by 
a bn S'. It flov/ 
Lov. east dip 

noo 


Clyde Coal 

Canlstone, .i.ale, 
and lenticular 
ccal seams 

Occupy isol- 
ated pockets 
in the 

-f 

1 id- 


’onsonont 


Oriovician 

(taseiiont) 


.liGt ar'C ji'u. 

scdin.:.J^ 


;eu 


I’\/ldcrl olatc-s, 
j. *iy 1 1 4. t us , and 
q\iartrite;s 


Inte-iJely 
ioidol 
-oloavod rr- 


Taoles 

Hii; (1V^5). 


1U*J 


derived frer. IIoElrcy and nccc (1§^2) and 


A narro *.7 reiniiiin ^nsin extends noidhY; \rds frorn the cater.ans 
area .-.ind underlies Iho Triassic O'. nberland Basin w.cst^ of Sycb'.ay. 

‘Fcrsxitions of the reir'i'-n Shcalhaven Group (fcitr.erly the Upper ilarine 
Series) crop out north iror. tnta.rnns' Bay. These sediuentc generally-' 
rest urccnforrably on Lor?er and Middlo Palaeosclc rocks, ’.vhich crop 
out south along the coast fron Baterxins Bey. v.oal -bearing strata 
are loiom to exist in places at the base of the Slioalhavon Group, 


jiro'r 


3 . GbCr-lTiSICAh S UHV2YS 

l^ae cur*vey doss rib: a in this rlccord «as 
yoicai inv'.stiga'uicn ci* the region, rh.riior 
of United extent • .'.d generally aired at the 
.-mn in the .’ield ^ ’ cil and ainenl cxplorati 


on. 


first cenprehensive 
discussed selovj 
lion of specific 
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T ’ r . '*. tj ^iOO 3^y - )c J ino 

ic''cr.-i/n'.ct. Lc cu;*'.'''.vu . - ihe T'urrau. oT !•'.: :*i' ir-.il 1-r r»;;ircivO cirrievi 

- , - -- f v ••*.*;>•■• O- i r. Ivl-G, oii*? ol G>^juTiw.i.t xi. .iriG 

•*! CO c I'oss tho G-Jivc.y Tr.oGO ;.rc I- ;: :j>;uv...i- 

- .-'v.a^.-r.^^Svrlr.oy, Mjlbc’jri'.G- w"aboo, ’anbt.r:v.--J‘aCoc. 'irio rocj.wt of thoco 
*r/--vo aro ir^ -the for:a of tct.ril raocotic ir.tcr.oity px'of:^ 3 ; 3 . 

■ - — Sr.lr.nic aui^'C 'c. Tae iXipartncnt of Icivhycioo of b.-io ^ _ 

• ;p-. > * f. n l^a*-icr.al U:iivcr?ii.y bac v'crfoiro': oc-a i'.r.'jC oruntrix . 

\ ccr.j'airCtl'On tlirr, cf- fli.-.or;-/. neao-crics aa-i thfi 

-— • Mcvatalnc :i 7 c.rc.- 2 :ocfrlc A':*;:ority. An a;j roaiaito f::aro of 37 


••ciC CC'rf* — T-OA A.C- 


i-.i '.ah to ;’c:: jrovocj-c 


ale 


. het ;cGn Lake Suc’*c".bene ar.i me •'•.:rrayar..^.?. lifir. (iz-oy-i Gv. al, 

• " r , . A later l.-ivcsti^at Im ot a;., ^yob/, in v;:i.i'':i cepth 

ceocr.ie -.'i in tni? c--a off fv-lioy -.vei’-r r: '^roe.i ;y i. r,y.:cor cf 
in tno Sno.vy Ilc^irita: .a.n re;*’. cPi a r-t^;-? dt^zr. to tr.e 

k-kircvicio r.i 3 oor.ti:iu:ty of A~' ry.o.i?:ez c: \ .'rod'aced cvidc.'.co of 
fJai'-ad diccor.f r.-nley at kil ?;r.ot rnr . In ‘ m.-.tirr.n are t:.at 
ir.sc.cT-', in t:.e cvjr.'oy ."oa, t.-io .‘.-'.tn of oodl.T.ontn ..o not ^voat 
;iit. r:::inately 1 to 2 ]:iiot> trei' . 

A detailed ccicr.ic refr-.icticn ourvoy of tho u.ik>: jcorje aixia 
v?cla; and Ilovi, 19 ^ 4 ) inveet 1 "ntoa the orirln and Gtr-.icturc of La 5 .e 
Jocrj;e -tnd obtained inferttation c:; 3 eis:r.ic vclccities and baoonient 
c cr*« ^ X on • 

Ginwitv Gn.T*'/<? /s . The - 3 ur_au of ilincral Hosourooc h,-.n conpicted 


rcgiv.nal gravity traverzcG 


^ ^ hiro'ip.aoat the area. Scan local iced gi-\vity 

eboemnatiens have been laado in the Gnov/y Mountain rep ' on in oonnecv. j.on 
»ith engineering proj<^cts and in the Lake George area (Ke% x, t 9 ^ 4 ) GJid 
at Captainn riat (Sediiik, 1961 ). 

Tho Lopaxdnent of Gcolory and Gecphp'oico • Jni*." roity of 
Gy r.ey, has ooeoletod travr-iMec fro.t *oga to S^i-.nern -I'oo'' and frea 
':~ra tc V/a.llcndboen ('laichnll cr'.d Limn, IVt'/’ T.-:.,icn i.t'a._a'.,e a 
ncrouj." iorrelaticn betoec-n hcg'itovG roug'^Gr.-anoaaims noie gr-i-nite. 
iihe.ilea Scath Halos f*eoarta-ent of lines has :a-ce t.rw aj.ohg 
rOx'r. in tho rortorii part of tnc ares, in a prcpia-me aeny.ci to 
rttablicih a staterido netT.‘crk. of jiavity rcaainjS. 

■Thy Svdnov Sasln 


Aeror.a vnet cary^'S* T’.e onsnere ccs.stc 


1 r^ + 




tc natorrans I •' aas triversed by 1 -H. Snart Oil' “tryloraticn rty Ltd.’ 

Hm Tosuits CIO available in a total intensity ccritour nap, and bass-n 
re.nt death estir.ates have been tr.de. The depth estimte valaes indicate 
asetiGiit bcccnoG aliailonor fren north tc oott.t. 


v.aat 


a seisr.ic suir/ey un souta uci-'i-Gn .--.■G and nort 1 uinxtix-duixA in *i9*3l . mis 
Tioik. viclz abandoned when no useful results uorc obtained. 
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icr 

Tr.o 

ioiie 


Gravity s 
Ii.II. Snart Oil 
rcaor:: or t'..is 

in v;ocloi:gc::g 


::r\'^-rvs . A G.jrii-dotailed gravity siirvoy -.vas 
^'.rloi'aticn I'ty Ir. theJen.-^ic lay area in 
sr::*voy has not been published. LIcst of tho 
ana tae data foi" oLii'Ax/ildiA have not oisen uso 


nerfomod 

‘1552. 

work was 
d as yet . 


rorehcles ♦ A n'Jinbor c( bores have been drilled near Jervis Bay 
for the cxyioraticn of ccal. . These include Huskisson I’o, 1 ( 04 J ft T.D.) 
Uus'iisson Ho. 2 (l9'DC ft T.D.)^and V.aridan'iian (l423 -ft T.D. ). — 

4v BSrcPii> r:c: T A-HB i."rrs r rp.i?rA Tic:? c? -giIavity'bata - 


The hcu.jjucr aneniiy r.r.p of the area and regional Bouguer ancmly 
nap based on l^-.s'.inute r.ean5 are ..•resented in Plates 3 'i-d 4 respectively 
at a scaler of 40 .Miles to the inch. The sulject area has been tentatively 
ilvidc-d into tv;o gravity provinces: 


(1 


/ 


The V-onaro Hegicnal Gravity Ccnrle:-: (labelled 
3 ar.d 4 ) • 


M • ft 

n 


in Plate 


( 2 ) 


The :Iur« Regional Gravity Ccaplex (labelled "B" in Plate 
3 and 4 ) • 


The -20 nilligal Bouguer anonaly contour, -.vith an a.;proxir:ite 
north-south trend, .oassi.ng through Goulburn and abcut 20 riles to the 
cast of lanberra approxir.ates to thf* boundary between the two provinces. 
To the east of this the contours have a carked north-north-oast trend, 
while to the west the trend varies north to north-north-west and is 
confomable v;ith the geological trend in the area.- ‘ 


ViOn? . T O Regional Grivity Conplex 

In the Uenaro Regional Gravity Complex, the values of tho 
contour values reduce sr.cothly fror; a niaxinuu of +50 rgals at whe coast 
to -20 mgals in scuth-'^ast GCULBURH. This large regional effect r.-iskc 
cut local leatur-es, •..hich, however, night b*"' delira'ated on a residual map. 

It is postulated that the .significant trend parallel to the coast is 
caused by tho oceanic thinning of the crust. ' ~ ~ 

liuae Re~icnnl Gravity Ccr.nlex • ■ . 

ITie Hme Regional Gravity Ccaplex contains a :vu:3ber of. snaller - ‘ 
Bcuguor p.ncnaly features: . . - 

The George GrevnLtv Hirh -(31 -cn Plate 3)*~ This is. a narked positive 
Bouguer ancnaly feature, centrei about 3 tiiles to the north-east of Lake 
George. It is considered that the feature is caused by basic intrusives, 
rctanorphosod to anphibolitc (Kevi, The feature correlates in its 

central .cart with basic intrusive rocks metarorchosed to anphibelito and 
i: is poLtulatei th t fe’-tur* 3' delineates chc extent of th'se rocks. 


The Canberra Gr-avity Lo .v (B2). This is a large arcuate featvire 
with a ninirun Bouguer anonaly value cf less than - 4 O rgals, which 
occupies the wesrem part- of C.UT3aR3.\. The western bcundaiy of the 
feature is clearly defined by a decrease in Bouguer anoraly of 20 cilligals 
es. The centre of the 


^ 4!^ 4 


gru iient parallels the Goolradigbee ?aiilt. 
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cfr^eL ■^Loat four .ailea to the The oa.:tern odco of^th 

leoG •••oll-aafinoi, hut corrclateB generally tith Dea.<ir* 
ihe north ani the lueanweyrun ana Viur-'ur.ciiG^- 
t in pcGtulatod that the caune of thin le.v ir r-.atoa t< 
-.rite inaco knev.n an the lluj’rnridgco 3.thc-itn. ^r. ccp^.rant i 
2 noted that e'.ctennive outcrep*^ of grini-e - v 

orrelnto avith Bou^-er nr.oaal;, ’lows .• 

'r*v,r> Gmvitv ili-'h Tl._S 


.c c-inrnton r'^utuvr •* 

■ r _£*Q 31 of Coot arr.undra ani cor. 

border cf C.tlo’nHA; tna v;ect 
:-?r"n^rth-..on-r-' X\iCA. The rn 
'•..1 V correlate v.’ith. i.'iaoped are 
i.otulnted that feature 33 doli-to 


-north- .vest 

o-uer 

therefore 


Gravity have been ratpoa on ^nutn-ten. 

cr.-.'.T'.l Oj), cer.tr'.l-oa.-._v;;.Mi vBo), |ni n..rt.^-oentra^ 

->ci i irneous roc.ts and -o/ bj -iv , j.> 

All four features appear to have their rr.cor development ou.sis-e one 

^ py area and therefore have not been namei_« 

5. cc:::lusic:;s 

Throu'hout the area, napp'^d areas of basic ar.d ul -C -cc...3 

correlate cith Bou^puer anoriily 'highs', uhercas the 
l.uguor ancmalies and knov.-n granite masses is 
i;inxr-bidgeo 2«hoUth appears to correlate ;7ith a .arge 
anomaly feature, cut In other parts of the survey area, varro-. 

Ebon no such correlation. This nay indicate a fu.nd^ent.^.1 ,.-cO ir* 

the origin of granitisaticn, r^tther than of batholithic origin. 

On a regional scale- the Beytp-uor anomaly, pat te'~n- correlates well 
with* tine ooser-/od geology a.i^ ..v,^ ut,t ..le ^ 

*a. .r ^ ^ *• -."nr. *'*'/* r*. V-—,. ^ h * Gi'. w 3C — — o Oww o..*e 

rvi'-'^'co. ..ear the coaSw ...acre o..c- c-— >v 

+V,-. occa.n cones ciose oO x&n.. ox.e uc.oiv_/t. -i* 

ai-cna'v increase fren west to cast :.s cons-..-eno - n..> 

r.li5:!:,rr-“i.3hhl the trem of the louguer =u-.traly contours 

•..■"•'"■•‘■r: : . 'V'";, the Tas-ar.-Geocynclir.e. It 
IS t.araiiex to the ro._,-s..x_ .-.-ruvy-..-- ..o.o..u... ^ 

is therefore concluded that the regional structure in -ne xasnan . 
G-eosyncline is reflected in the Bcuguer anomaly pattern. 
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ibiys r.ct required: 

*5bo's tiriVerrin^ - useful: . 

Hiys traversinn - v;orl< abandoned: 

l 
! • 

•.IbiyG discollancous usage: 

A 

L 

f (e.g. 7;crk connected *.7ith helipad 

cutting, long transits, cicro- 
i barometer tests) 

lioops: 

k 

jsoops re- flown: 

jTie flights: 

l?cllow-up flights: 

i.. ^ ^ ^ - 

wotal ecuivalent locos: 

* * - • 

„ 

Area covered: - 



‘trainees - pain;y nenbers: 

F- " \ 

t- ' ' • ■ - : . - ^ ^ 

.. .. - .. - .. 
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v;*":! o f 'b.iror.otric and elevation' nat'-r ~ho i^ht.‘j 


TXarin^ the -:curse of the survey, ties 'vere r^de to soce of 
the e.rurity stations v;ith the National I-!arpin,e elevation r.etor. Th'^ 


net or 

V.'C 

rk was dc: 

;d was 

a 

separate 

Tabl e 

3 

sets out- ' 


rojoot . 


-^Table 3 sets out:;ielevat ion' values" c"ct ai hed" hy the h ^jrqgi'et er and ^ Wy 


he elevation rioter. The elevations of sta'^irnr. 6^r>4/025p and 06.9009 
be ch.ecVied. A standard deviatlcr. lot (elevation r.eter c-lovati on 

1 ironener elevation) was calcuiatod -ind found to be 19 .O ft. If station 
6606,0135 ts onitted and the bracketed val*ae of 6606.0320 is used then t 
nt'aniard deviation is f.3 i*t. Since the standard deviation of the eleva 
aeter values is of the crier o; 2 to 3 ft and that of the baroiceter valu 
1.1 by network .analysis 11.0 ft then the result of 9*3 ft is considered 
reasonable. 
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a?tz;dix 


" ■ 3 1 -it i on ^ -hot o • r t >i ly 

Tl'..* "lov.ition CL*lloc".oi cn h-vliccpte';.* ^r'-vity Euivoys n.re 

by tho Divinicn oi I'.itJ cnnl M'ippir.£; for cor-.r i l.i^ion of topo- 
'3l;e u.'ofulr.V'nG^cf th1 2 j: 13 c*'.h.inccd If tr.o pc 2 -Lion 
■ it ion as i dor.tif'isl cH ^crfaT-pnof'c^r " '1*1" 

•'.’her. the st-ition ir occuvic-d by Vn? fravity cbser-zer ios 
pcriticn 12 ric.r'.:od on -tr. n?rial phctoj;riph by no nr. 2 of a pin p^ick. The 
i::v ■ : t; £ 0 *. icr.c by the '-■ivici cn of '.'iiticnal ^!nr/rin^’ '.ver'^ iiroctod towards 

drfV^oing c. ccccni and norc- positive no lso of otstio;: iaeh‘.irica:ior. on 

*y trho aerial photograT.hs. A* report by K, Loppart of the Oivlsj cn of 

'iatior.il Ma .pinp; describing tho invest iration is attached: - 

* - — •- *— — /-• * rn-Y -'T '» r^v r*r ""r* r^v • T" T ^ - -. — .* — • — 

^ . ' J.. < « ^ L" ^ 

-*.■ :c- - * * -_ ^ — "» :r' 

-:5»Tn r^'-^-nv r'-T'or -\’:q 


K. Loppart 

The aid 01 the investigation is to work out an economic nethod 
>f recording the positions cf BIT; gr^-vity stations by phctogrciiiiic noans 
..n order to transfer then to high altitude s'urvoy phctcgraphs . 

Three r.othods have bee.n investigated: 

Mettiod 1 . At tine of helicopter gravity survey, each gravity 
station i.n a 1:25C,OOC area, or pa.rt thereof, to be nar.eed 
’unisyely .vith reasonably pors_anont naterial. Cn ccnpletion 
of the gravity survey cf this area all narked stations to be 

phctorraphei ~ith a Ip-nn caaer--. frou_a_f^-:ed-v.-ing aircraft. _ 

- vhbtcgraphc to bo taken r.ear-vtrt ic?.lly frva an altitude v.hich 
■ vl~r;Jf.'nPill bri.ng th-zacale'ci. the jp-m photc£r.iphy., vit-nin the range 

differential"ite’i~:-<^ep^^ order to trar-sfer the" £arki^~ " 


static.n pociticr. stcrecSdcpichlly fron the 3:-m photographs ,r “ 
to the s'lr'vey phctcgraths. 

V. n-^ lie tho d 2 . Use of vclarcid carera. A polaroid-expos‘ire to be"' 

-dTATry qV- calected ' unEh,rked station site iron a .height toT’ 

'-'I- - 5 Q 3 fp before land.ing at' the station. ' The- s::=ot position of '■ 

' gravity station is then pricked cn the print after landing 

of the position of the gravity station fron the Polaroid print 
to the survey photograph can be dene by inspection only. A 
rtereosct'T-ic tr.i'-'nic" is rot pcrsiblc owing to the large 
difference in scale of tee fno phettgraphs, which is outside 


the range of 


differential stereoscope. 


retbed Use cf 3^— canera with f = 33 nn at tine of 
helicopter gravity srrrvsy. The gravi-ty station is to be narked 
bj' tentKjrary nsntning nateriai (paper towel, white calico) at 
tine of observation. Ifwer take-off, the heliccpter is to rise 
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to not lecG than >D0 ft above grovind and a n^ar-vertical 
~ • photograph is to bo taken cf the marked station. Tninsfer - - . 

I'*' of narked position fren enlarjjed exposure to survey photograph 

by inspection cf detail. 

rorais-l of methods 

• r.oth.od 1 . This is the best of the tlires- cot hods, -but is. very. 

■iitiy.- per staticn -is. approx inatoly. $4* Lost heiicopr 

ar Ttyin.p tine Is betv.’ccn cund^p ni.hutcs' per statl'cn bcicauso* c 3T narking 
;:thcd. ^ special photo-flight liss tc be arinnged at t.he end of the 
rur'.'oy. This cethod v;ould give the best results because a stereoscopic 
ransfer of the niarko i station could be obtained. The failure rate 
‘.cull te vcr^.' Icr. E-rpenliture per ntaticr. ?.s ertinated to bo in excess 
»f $20. This method is not recomso.nded on econo.nic grounds. 

Method 2 . The application of this, method vould result in only 
•n'e prl.nt »vithout a negative. Polaroid cameras v/it:i f = 100 n.n are not 
.vailablo. The area photographed by a poiaroid caner-ot is sne.llcr than 
•ne t.ike .1 v;ith an C = 28 rn, 35 24 nn camera. It is rather a nossy 

•rocedure to fix and dry the poiaroid print in a crowded helicopter, 
lisident Lfications of the unnarked gravity stations are to be feared. 

’he cost v/ouil be about 30 cento per print. Tnis method is not 
•econnended because of an anticipated high incidence of niside.atification 
»f statio.ns. 


Method 3 . Txiis involves the te.r.porary narking of the gr.Lvity 
;tation at the tine of the survey T?ith c.hoap raaterial in a unipue pattern, 
,*his can either be done by the helicopter uilot at no loss of flying 
:ine or by the observer v/ith little loss of tine. Tests conducted on 
.he Canberra 4 Blue Loop have shown that an shaped narkcr of paper 

• ouelling can be pinned to the ground in about l.'.i minute. Uatorial 
:osts v.ould bo about 10 cents per vtatio:; plus the costs of film, 
leveloping, and tro cnlargcme.nts, ;..iich amount to 20 cents, malting a 

• ctal cf :>0 cents rx.*r stuticn. rhu tims.it takes a helicopter to reach " 

»00-ft above ground varies oonslderably--~c7iihr to wind ccr.ditip.ns,' height, 
.bevt^soa level, and weight 'oT lead: On' theVvorage ifmay tak^cn«^ nr:r..r 

:inutc. Tn?. total tlcss in f'.yin.g tine due to delay -while -pirirrin^f-’^^ 

^he carkirp- material a.nd due tc rising tc p-- ft above the station may' 
.mount to 0.2 per station. Tnis bri.'igi: 'uho tctal e.tperjditure per station 
o $2.30^. Eor a 1: 25'", 000 map area with 200 stations, the ap?li-c~ation 
.1* this mst.icd v;ould cost approxir.atdly$5^00. '‘This methed is "recommended- 
*cr adeptien by the Tird Gravity Section. j .. ^ 

Jetej-ls of recomT.iended nebbed 


T'/oe of camer a, .^.y camera with a focal-plane shutter, with 
. •■=■ 30 m, ml uciri negative rise of 35 ^ 24 

!.!arkir.r material . Thite paper towel 7'^' inches wide is used 
:o form an L or V of dimensions as S-hotm in Figure 1 below. The caper 
;o be pi,nr.C'd dovn by at least six roofing rur.i'Ls with caribcard or other 
2 oft material washvr.; between the paper and the he.ad of the nail. The 
lomer of the L cr V tc point north. 

Zrpericnca has mhom tirat the cost of photcgmpby by methed 3 is 
very irucb less tha .2 the $<-3^ ectimmtei by Lr, I-eppart, A.J.P. 


'f 1 
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- ZIIlI* ulack ar.d v.hitc filr. with an ASA rati 

adverro c'ondi t.lor.c faster filziS cculd be used. * Thore should 
be cr.J.filr: for euch icep cenbained in-ius o-.vn'fil" cassette.' * ~ ~ 

5: osv.r*' ti:.ie . ?be:i.T.ui 2 tine for c-::rosuros ta.rea froa the 
helicopter tc co ‘'/2C0 of a secend. 

- Altitu!"* c.r at tire c: as 'csu.'. . The erpocure ,to 

loca thrir. it aeeve jrcur.d.^ : - - 


5: -v-o€ be-^cr ~~thc i t pcsc Tes en~e?.c 

flla: it L-a'-iid f.r.te 'rfiil.r'w r^p area r/.r.e. the /.•.sr.'ier of the 31 
ainuie square, and ices cclcur. It sheulw. list the exposures in the 
rith.t sequence vath ^;r.vity stat-cn nuaber as ..ell as an 
rcaar’.'s, A rsn'.io lo.q sheet ir .'•‘.o.vn belov;, 

' ' Idor.tificati-sr. ‘of filr,;,- . 3c fc-"- a, loop is car 
hc tccrcth shcj'. i ca t.ihcn of a. blackboard cr. which the sheet nane, t 
O-j^ntite squnre nuaber, "and tr.o loop cciour is written 
..hi'c should- be the first c:: do rure cn each I’ila. J!3ee ?i 



CANBERRA 


BLUE 


24.3.1966 


' - it is essentia^ t.aat tne pnoto-srapr. of tne .uarxed gr-.ivity station 

is taken 'as -near- vertical as posribiq. - Tnis can te ac}tieved-by flyin, 
at^the mrr a-ndib-arikinL the helicopter at the rtbnent rit'is'a, 
the— fsarh and t'nen tahinr -the photograph at that tine. _ " • 

On corpleticn of the loop, the riln cassette containing the 
exposed fil.u •’ s tc be clearly labelled with the nap area r.ane, nunber cf 
30-n:inut3 square, and loop colrir. Tnere will be four filias per 30- 
ainuie square ar.d 24 fiias per 1:230, COO nap area. 

The points and other points ccmcr. to two or nore loops should 
be p'sot egraphed every tine a reading is tal-um. This will ensure ths.t the 
sequence in the gravity reading records and the filn exposures is the sane. 



-15- 


croc OvV,i VC* 


The? filr:s need not 
are adii^rod to. 


bo developed in tho fioli 


After the iiir.G have been dovelopei the r.unbv 
ctatieno are to bo ;vrittcn .on the neijatives -in accorda: 
’Thin oan be deno rith blach drattin^ ink or black 
Cbnichroa pencil. 


one are 


Two enlar.' 3 ed 
to be r.ade. ’ll: 
S'.zn Iz to ce 4 


crir.tn of each ex.'oe.:ro includi: 
-iin-xn zi'AG cf enlarger. :;nt tc be 
X 6 iiv.het,'. 


eet of p 
copying 
obser^/er 
station 


The Divisicn of I-ationai l'<-.pping is to be su 
rlnts and a ,ist cC h'r.rhtz of eta' io.as. Th''-* 
of inform ticn r.:irk!'i or tlio err’/ej’’ phot c« rad* 
i.o. the po’-iiticn of t..o pricked hole denoti 
position md the station nurber. 


Sanole of flip exp enure log 


l!ap area: GA!T3ERRA 

Loop: 4 

Loop colour: Blue 

Ihte: Thursday, 24t!; ’larch 19^6 

Tine: 143G hrs - 1730 hrs 

Caaera: L'ikon, f - I'S nn 


Exposure Station 


1 31ac!:bo:ard - 


2 

-> • 

Blank 

3 


C667 

4 


9066 

5 


0072 

6 


blank 

7 


OQ73 

C 


C874 

9 


0889 

10 


Blank 

11 


9057 

12 


0833 

13 


0307 
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if the afore.renticned 


jrs of the gravity 
•ica with the film 
Ch'inagrav^h or - - 

n ,3 the blackboard 
3 x 4 inches; 


pplied with one 
v/ili arrmge for 
r. by the L!u3 
ng the supposed ’ 


Kerarks 


Near fence 


iilark in shade of tree 


I 
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■— - -• rr.n*^r:t of r.g*licopcer pads * 

- ir 3outh-cac.t (cn 6) V:;3 only fiMod olovaticn — 

3 :cir.t near the cell centre v;ac the V.cic'.t; Bettov;ynd «ri{]. c:;atic.:. This 
- ; oint 7;ac nncuitaclo for ^^ravity ^.ur.-osc-c b:cause of the lax'^e terrain 
factor, however, the ourrt ur.din^ area is c:-:t rer.j?.y rej^ei -nid its 
■yvrtiisadvar.*.a^e as- a gr .vity -;:c*int was conciacrc-d. to l-o oatvreiyliQd by the 

cf '^eva'icn-centroL — r--^- - -x- , _ 

An e.'iarlnatio.: of the aerial phctc^;ra::hs of *.he point chewed 
*vhat neavv tinber v.calu pru-lucc a land..*'-' by h:licop*oer. In addition, 
the cteepr.ecs of zhe slope was such tnn\ it would not b.- feasible to 
. . land nearby and •val!-: in. It -vac therefore decided to.pro'.'ide access 

tp^ t'ne_r. cy ccnstr-ct-np a helipad. 

-llount 3c-ttcv.’ynd is essentially a linear east-west trending 

■rtT-ridgr, rarre five nil ec lor.r. -The.cl'ar.inaticn ,n which t.:e trip, point 
- - ir sited is at tne v.csterri end. The western slope of one ridge is ~ 
~”*^~^rntlG',“ neavily tiaberci, anl about four riles long. 

The helipad was to be about p- -b wile and 2pC ft long, 
extending north- scuih across the ridge. The werh was to bo done by two 
people using a chair, caw. It v;ac anticipated that the elope up the 
r.ou.tain *r''uld bo too steep for the people to carry a c. ain saw and fuel 
and at the sane tine rake reasonable progress. This c-pulpr.ent was there- 
fore lowered tc the greuni fror a hovering helicopter. 

An acceptable helipad took 2y days to construct (i.e. lain- 
heurs). One person operited the power caw while the other one dragged 
branches and sawn-up tree trenks cut of the area. The conclusion 
derived fren this exorcise is that the const r'ict ion of helipads in 
heavily tirbered areas censure a large arour.t of tine and labour and 
should only be rade for access tc control stations. 
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SUinVvRY 


This paper describes a tedinique which has been developed 
to contour aeroinagnetic survey data or other t>'pcs of field 
data collected in the forn of linear narallcl traverses. 
_ /nie original data is plotted first in plan viev.' and tlicn in 
‘ cross section to check for errors in any of the three co- 
.ordinates. TI.cn by fitting in the least squares sense a 
curve of suitaMc order to the point under consideration 
and a selected nur.her (n) of the preceding a.nd following 
points higli frequency irregularities in the values of the 
data points (generally referred to as ’noise’) can be mini- 
mized. In this way values can be adjusted for all but the 
first and last n points in each traverse. Next, the essen- 
tial points of each traverse can he selected (maxima and 
minima for example, by using the first derivatives of the 
fitted curves) and these supplemented by a selection of 
*fill-in’ points, the density of which is determined by the 
variations in the original profiles, and average spacing 
limited by the offset distance between traverse lines. Ex- 
perience with aeromagnetic data indicates that this method 
will permit up to S out of 6 points in each traverse to be 
deleted with the remaining points defining a profile v;hich 
agrees in detail very closely to the original. The points 
finally selected can then be contoured directly (Lodwick and 
Vciittlc, 197C). The programs arc written in Fortran and 
— are in use on a CDC 3200 computer utilizing a CALCOMP 50 
_-inch off-line plotter. Pesults. have shcvni that the contours 
produced using this technique agree remarkably' well with' 
those plotted from, all the original data points, with a re- 
_ di^ctioji in ccr-puter time to as little as one-quarter the 
■ .original. Indeed the method has proved to be less e.xpensive. 
. than currently used contouring techniques, while the final 
'~contours_honour the..6riginal_data points accurately. , 
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1. INTRODUCTION' 


At I'onash University it has proved profitable both in tenrs 
of efficiency and cconor.y to develop an automatic contouring, package . -i- 
v.’hich can be used to contour field survey data - the contour ing_of • 
field reconnaissance gravity data (Lodwick and I'.T.ittle, 1970) is an 
example. In general terms, however, it would not be unduly difficult 
to continue contouring sucli naps using well-established hand-drafting 
techniques. Uov/ever, there exists a class of data v/here the 
generation of ncint values occurs so rapidly, and. presentation of 
the data in visual l:on?. for decision making is required so promptly 
after- surveying, that the application of hand methods to produce such 
maps is no longer feasible. Into such a class, falls acromagnetic 
survey data. Here traverses of the order of‘40C line miles can be 
flown in a single day, generating as many as 16,000 point values. 

Clearly detailed hand contouring with such a rate of production of 
survey data would be a mammoth task. 

Already, of course there exist automatic techniques which 
will contour such data collected as regular point values in parallel 
traverses. These appear in the main to use the well-known 
technique of translating tlic original values to the points of a 
regular grid, which is in turn contoured with established programs. 

The problem here, however, is that a decision must be taken con- 
cerning economy and accuracy of the final map. Vshere the regular 
grid is quite fine, computer time will be rapidly consumed, 
particularly where an on-line plotter is utilised, and this will 
rapidly escalate the cost of production. On the other hand, the 
selection of a less dense grid, while keeping costs down, v;ill 
result in a degradation of the original information, since extreme 
values v;ill only be preserved wh.ere they coincide with grid points, 
and in general the values of the original data will' not be --r- - - 

'honoured' in detail, ty contours so. produced. ~ * 

i!ov;ever, by plotting orofilcs of samples of aeromagrjotic data 
it becai.ie clear that within each- traverse only a small propdFtion of 
the data comprised 'key' points, ^e.g. maximum, or minimum values for 
the traverse, or points demarking significant change in sloptf. 

It followed that by selecting these key points, and where necessary, 
choosing intermediate ones to achieve an average spacing (which .* 
while unimportant in terms of defining major changes in slopes 
are required to fix intermediate gradients) a considerable pro- 
portion of the original data could be deleted, while at the same 
time preserving intact the specific features of each traverse. The 
data to be plotted thus tr.insforms from a network cf regular traverse 
data into an irregular framework of data points which can be readily 
contoured by an existing package (Lodwick and V-Tiittle, 1970). Again, 
it should be emphasised that because the contouring package will contour 
directly irregularly spaced data, selection of the stations in this way 
will preserve in detail the features of the map area. 
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2. UE'OVAL OF ORIGINAL DATA LRnORS 


With the arrival of data fron the field it has heen found 
c£_se:^ial to plot up the original points in rian viev; to highlight 
errors in station position and in cross rection to indicate errors 
poix^valuos. ^Thc data can then. be_ corrected^ losing a straight- 
forvard averaging meth.od, or^'y obtaining* fron the fielJ'partiy 
recalculated values oi the erroneous observations. The elimination 
of survey errors produces results such as Fig.l and Fig. 2. 


_ -* ' - 3, £i:OQTi;n:G AKu SLIXr.TION OF ORIGINAL POINT 

In a copprehensivo paper, Savitzky and Golay (1964), discuss 
the elimination of the noise component in data values obtained fro.m 
basically continuous physical experiments. In it is described how 
values at a central data point are adjusted using the mct’iod of 
least squares, resulting in considerable reduction in the noise 
component of the original data. Further, the least squares calcula- 
tions may be carried out simply in the computer by convolution of 
the data points with, properly chosen sets cf integers. Savitzky and 
Golay have derived these sets of integers for up to the fifth deri- 
vative for polynomials of degree two through five, and for fitting to 
up to twelve points on either side of the point of calculation. 

Tlieir illustrations appear to indicate clearly that a suitable 
selection of degree of pcl>'nonial combined with a carefully chosen 
number of data points will act as an excellent filter to smooth the 
noise fluctuations while at the same tine introducing minimum 
distortion into tlie recorded data. 

Whilst their technique has been Specifically designed for 
-regularly snaced data in the co-ordjnate being measured (i.e. time 
or distance) our experience has been that variations in the linear 
distribution of the points of the order of three or four percent 
have no anpreciablc effect" or. '.the calcuiatVd value. rurthcrmo“re_ — 
-our -resuits-seem.to indicate that Jth.ethoise ccmpor.en't in the 'type 
of data with which -we ii«ve dealt, L-as-b^n considerably less than 
in the examples they have quoted. It has thus been found sufficient 
to fit curves of low degre*; to a small number of adjacent data points 
For example ti.e values of tl.c points plotted in profiles in fig. 3, 
adjusted from fig. 2, have been evaluated by fitting a t’lird order 
polN’no.T.ial to tic seven points ccn\rcd on the point of calculation. 
Again in this way the slope of tlie smoothed profile at each data 
point is calculated using the cons:ants of convolution for the first 
derivative. Cl'iange in the sign cf the gradient between calculated 
points indicates the existence of either a maximum or r.ir.im.um and the 
point closest to the local e.xtremum is selected by choosing the one 
with the smallest absolute value of the first derivative. 





* 

A 

r 


From inspection of the original profiles, the number of 
points required to define in detail the original profile is decided, 
and where the distances between local extrer'a exceed ^he desired 
average spacing of points, intermediate data values can be inserted 

-'iil. to provide reasonal le coverage fo^^eac-'. traverse, using a simple 

r-r~ aVgorithir.. In fig.d"cach selected point is indicated by 

It can be clearly seen that the deletion of the points plotted 
will result in negligible distortion of the original profile. 



I 

! *' 

! 4 . RFSULTS 


Unfortunately no acromagnetic .data was available for publication. 
However, points and values were specially prepared similar to real 
data - points within traverses occurring four to each offset distance - 
with the features of the area being designed to be at least as 
complicated as any actual naps contoured so far. 

In order to make a realistic comparison contours were prepared 
using all data points with their original values, fig. 4. It can be 
seen that the most important and significant features tend to be 
somewhat obscured by minor fluctuations as the contours respond to 
irregular variations (possible 'noise') in adjacent data points. 

This so-called 'herring-bone' effect, is most significant in contours 
extending parallel to each traverse, due to the station spacing within 
traverse being approximately one-quarter the offset distance between 
traverses. This effect rocs not reflect the actual surface defined 
by the drawn contours, but is due to the method of sampling.-of data. 

Contours drawn from the selected data points, are shown, in f Ig.S -j- 
Tiie most striking result is a max’kcd increase in the. clarity, of the ' - •;* : 

features, due to a more unifomn sampling of the data. Furthermore -.-~ 
tl;e important original features have been preserved - the peaks and .1^ 

hollows occur precisely as in the original, their magnitudes closely 
approximate those of the original observations - while the slopes and ' 

trends outlined by the intermediate slopes compare closely to .those * 

defined by the original data. In the example' e.xpresscd^ in fig, 4, “ -.-i' 

..the number. of points in each traverse has been reduced.^ ““r'-' 

matcly one-fifth of the original. - 
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5. CONCLUSION 


The method out lire j in the pi'cccuin® pages has prcvc'- ~ ~T . 
"“efficient and*^^cconor*ic "in relation to other nethods_cm:renUy_Jn 
. "use for contouring linear ' traverse -type data. .The fact .that. 
Honas}’ University has previously developed package which will 
contour irregularly spaced data points per/.iits a selection of 
points within each traverse which convey the r.»axir.iur> information, 

• .-.while those v.hich are of less signif icai’.cc can bo neglected. The 

— - technique is-Lcinp,uscd in the preparation of field -aeromagr.etic 

r]T ___ data and results so far indicate that accuracy in the contouring 

' ' can be maintained '.hile at tlic same time costs can be recIuceJ by 

. vl* much as 75 per cent. • - _j’ . * ‘c: 
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Figure 3 : 


Adjusted profiles of the aeromagnetic traverses of 
figure 2, with selected points indicated by 
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A Technique for Automatic - 

Contouring Field Survey Data 


- By G. D. Lodwick and J. Whittle 


1 liiN »U'vrrih«-\ ;i hocM dc'i’l«*|Kd fo lonfoiir fiild *.uncy d;itii 

iisinu a coinpiitti. N\iili irr».%;ul.irl\ «|i;uvd dakfl the niMli'>d ha'i the ad%uiil:iUL‘ 

Itiv oriuiiial ol)*>cr\.iii 4 ii)s are riint<>uri-d r.iilicr ihnii the r-.itrulaicd \alucs uf a rcuular 
arid, lath miitour is ert-aud in disertio steps ssiih each succtssisc step heinc positioned 
h% us» of ealt'iilaitd saliirs at t»sii p^iiiiis on eiiiier side tif tlic projertioii of the presitius 
siifi. ! iir eaili polii'. itii value is f»!iyinnt hj fiMiii” :i stiii':ti.e to tlie nearevt ohservntions 
and uvBuz liie value the suifaee at iltat T hsiiretieallv, U>e surlaees eousidered 

ttiay f»e oT anv «U-vrve. rtiou'^h'in praaice irsc of wvixhfed planes n?* hecn ftiuitd to combine 
msvsvirv aeeiiracv with sj>ved. Ii> "suitable seltciiim "of llic ntiuiber «»f observaiioiisi used 
ill lilt evaluation at a point, coinnurs c«n be made to attree rfitselv with those drawn by 
esiablislwd hand lerhiiiques. I se oF an overlay inu mesh lacilitates the commencement and 
^ermiirmf*« «*f esoiioo»s>. IW'priterams arc wriiipi iu Fortran- and are in use on 8 
t eoiiipiittr. iiini/iwa a 3 tMnch oft-IInc plotter, tsperienee has shown 

that tile produetion ot maps by this iiehnittuc is ctficient and economic in relation to 
oilwT nuthiMls. the priiK’iple advanuue bcitijj iti the s'peed'wiih which quite complex 
maps can be prepared. 


1. INTRODfCTIO.N Bureau 

In general terms, th? desirability of machine con- lion co 
louring field sur\c\ daia is well known. Hand drafting. computi 

though still widel) used, is generally expensive and of magi 

time-consuming, and often inconsistent. It is not sur- and co- 
prising therefore that the problem of automatic con- Previou 

touring is one which has been considered from a base m; 

number of disciplines. .Maine (1966), and .Maine. hand. 
Hinksman and Seaman t l9o7), for example, have con- contour 
sidered the application of such techniques to producing System 
meteorological maps, while Palmer (1969) has recently piotter) 
developed a multi-purpose program for general use provide 

with a CDC36)(Ki coruru'.cr. For contouring verv the fo’li 

irregularly spaced obv;7\3-;ons a highly mathematical 1. The 
method ha'i been pr;v_revi by Pclto.' Elkins and Bind irre 

while a p<;rt~ree::e-.a.*; package has been pre-- .2. For 
pared by Ca.lcomp ' 

^ - i.n inc nvain. rrexioas rtJl.lja'i!' f---: con- ^ ITtC 

Tjr-snng- ftTcgnlariy ciibcr -4. if. 

r-vc ap-roaches. Ir. — ntctViod ihc vaiitcs c: a regu- ... fvu; 
= cTtd arc first ca’ra'at.-d u>!n^ Altering or other The 

matr.cmatical iccnnic..- ;.v jvrfrt;; contouring with _ -.’C-C'. 

^p*c->-ifhCu re.p 

\ that unless' the rcgtr'rr grid. i~ t^it.te .fine." xt'^jaliv — ^ 6. Wk 

^ -*^~TrC ~ -tS W*WrC' 

past Ler 

\_ihicnigh original > tat? eviruivalent 'alut-esen ihoueh ■' ^ 

the cata is considercs: e.t-iCS. In ih*. second mernod. If- ' 

'■ecutring highly matherratieal techr.icues which are 
gencra.lv untconom., ir terms of central procciscr 2. C.\ 

time, the known oSsrrvauions are fitted to a surface To ] 

of hich degree which ‘iT^iosThed rriT to contourire. value- ' 

Ai .Mona'-h Lnivcrvcy a sp^cinc problem c: con- it is net 

touring field survey dati his arisen through the associa- and ihi 

tion of the Compute- Certre with the Cfommon wealth there n 


Bureau of Mineral Resources and geophysical explora- 
tion companies working in Australia. Since 1963, 
computer systems have been in use for the reduction 
of magnetic and gravity surveys, including barometric 
and co-ctrdinatc data (Bellamy and Lodwick, 1968), 
Previously the final output has consisted of a plotted 
base map at a selected scale, which was contoured by 
hand. It was thus a logical extension to develop a 
contouring program oriented to the Monash Computer 
System (a CDC32(K) with an off-line 30-inch Calcomp 
piotter) to contour three-dimensional data, such as that 
provided above (Lcgg and Brent. 1969). In so doing, 
the following factors were considered of importance: 

1. The program should handle both regularly and 
irregularly spaced ilata similarly. 

.2. F'or vvbscrvaiion vlata considered exact, contours 
'‘•v^uld pas-i th'oagh {•Klims. of equivalent value. 

.t fTtCrc inouid rc r.o discnntinuittes in the contours. 
•4. if frvkina- njrcfc gvi^int vahuC^aro -rare tbc con- 
rvu.'> should brtViiVC ‘icasonablv*. 

The final results slunild he consistent with currently 
_ method^ in which map-^ arc hand-drawn by 

rr^prricaeed. lirai'-smen, — -- . ^ 

6. ^'►hefv poinis.-or sets- of ppims have known Mand- 

errors^ _:hc..pjT!grams.;:Sh.puid -be ablc-to adjust 
-- 1 — - 

7. T"e use of comp-ater central processor time should 

tfe minimized tev-fcduce cost. ’ •" ' - * 

2. CALCLL.VnO.V OF FOI.NT VALLES 

To plot the contours of a surface for which the 
value- of certain drria points only have been measured, 
it i- necessary to calcuiaie values at intermediate pciinis, 
and this requires certain assumptions. In some cases 
there may be extra knowledge of the likely shape of 


' Ct^.puier Centre, Ki^^tatr ( ni‘ ntt\, Ct<r-ton, 3I6i \icnuscript recci\ed Sfarch, J97u. 
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AitJonitiuc Coiitourtng I'ielJ Survry 


he surface bui discussion here is limited to the situa- 
.:'n where the only information is provided by the 
observed values. The object is to display by contours 
calculated surface which is the best estimate of the 
cal surface sampled through the data points. The 
a'iculated surface should match the measured data 
i»Iucs within the range of the likely error of the data 
v'ints. while using the lowest spatial frequencies (least 
AU^tuCC fluctuations) consistent with this Spatial fre- 
^•nivies higher than this are unjusiifiablc artifacts of 
he calculation scheme. Ihc minimum spatial wave- 
encth will be directly related to the distance between 
jdjacent data points, and to the variation of observed 
values in relation to the probable errors. 

If a method ol calculation is used which is inde- 
lendent of horizontal scale then the variation of spatial 
vavelength with data point density can re.idily be 
ichieved by calculating the value at a point trom a pre- 
ct number (n) of the observations nearest As the 
oint of calculation changes so the n observations con- 
idcrod will change and. unless discontinuities are to 
'ccur. the weight accorded to the most distant of 
he n points must always be zero. Ihc simplest 
.-.xptession which will give such a weighting is 
[da — di)/di where d„ and d, arc the distances to points 
1 and i respectively. Further, if the k'‘ derivative of 
he calculated surface is to be continuous, then the k'* 
lerivative of the weights given to an observation must 
ipproach zero as the distance of the data point from 
he pioint of calculation approaches that of the n'" most 
listant point. The simplest formula to achieve this is 
(d„ - d,)/d.)‘. 

\^'here observations arc regarded as being exact, the 
ibovc expression is quite suitable, since the weight of 
m observation is infinite when the point being evalu- 
itcd coincides with its position. The calculated surface 
vill thus coincide with the values given by all data 
)oints so that contours derived from this surface will 
tlways pass on the ‘correct’ side of the observation 
Kvints. Moreover, the expression can be modified to 
(dr. — di)/(dj 4- c))‘ to take into consideration when 
ontouring admitted probable errors in the observations 
ir sets of observations. In practice e is adjusted itera- 
hely by the program to suit particular data. 

To calculate the \ aluc at a point, a surface of order J 
an be fitted by the familiar mcihcJ of least squares to 
he n given observations with their associate weights, 
iy selecting the origin of the horizontal axes to be tlic 
K)im of "calculation it is only necessary to solve the 
equired simultaneous equations partially, to obtain the 
»aramctcr for zero power. 

Whatever the weighting svstem. if the Xalues-of the 
'bservafforis all lie on a surface of order J 'or le^ then 
he calculated surface will coincide with it exactly. In 

(J na 4 2) 

irder to define a surface of order J, Pj — 

2 

ibservations w ith non-zero weights are required. How'- 
•vcr. with irregularly spaced data there are many posi- 
ions on a map through which the contour could pass 
vhere a number of the n observations have zero 
veichts, e.g.. where extreme points lie on the circum- 
erence of a circle, centred on the point of calculation. 


Furthermore, since some points within the set may be 
co-lincar even more |x>ints must be considered to 
ensure stability. Experience has shown that with regu- 
larly spaced data, the problem of a number of points 
having zero weight is more likely to' occur (consider 
the obsenations at the points of a square). Practical 
numbers of points have been found to be 15 using 
first order solutions and 20 for second. order. 

To calculate the height of a central point using the 
_foregoing method, it becomes (questionable whether 
the more remote of the twcnty:pomts in the latter case 
are relevant. NN’c arc dealing here with natural data, 
and, while with mathematical data the behaviour of a 
function at remote (xiints may give strong indications 
about its local behaviour, the fact that a knoll exists 
about a quarter of a mile away, tells us nothing about 
local terrain. _ _ 

Finally, one must reach a compromise. The 
approximate number of points to be included in the 
height calculation must be decided for each type of 
data. Tlic order of the surfacrrio be fittfd can then be 
decided, and n fixed. Where there is an accepted 
probable error in the observations e can be adjusted. 

3. GENERATION OF CON’IOURS 

In order to utilize the method of calculation of 
point values discussed above, a special method of 
tracking contours has been devised which projects the 
contour in discrete steps. Consider Fig. 1 in which 
the last two projections completed for the contour are 
XY and YZ. The position of point C may be deter- 
mined by extrapolating the last step YZ distance di to 
C. The values of A and B at displacements dj from C 
are then evaluated. The contour level interpolated 
between A and B to point P is then joined to Z. In 
this way the contour may be extended one step at a 
time. Clearly a suitable step length is determined by 
the irregularity of the surface to be contoured, e.g., 
in areas of large irregular height variation a much 
smaller step length is required to generate smopth con- 

- tours than in level regions.. In order therefore to com- 

- bine smoothness of contours with speed optim’ization, 
^ the- concept of variable step lengtfi has been introduced 

w hereby, depending on how far -point P is displaced 
-from C. the next projected step Remains the same as 
before, is doubled, or halved. lathe event of'tioint P 


^ ■ . ■ z . . , +. 



Fig. 1 — Tracking of contour 
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i\ing outside A-B. the previous projected step ZC is 
h .lvcd and a further P determined. In the ease of 
d('Ubling, the maximum step length permitted is that of 
ti e link size between mesh intersections. 

In order to begin the tracking procedure, the area 
U' be contoured is subdivided into a unifoi... m x n 
n esh — Fig. 2. The values of the (m f 1) x (n + 1) 
n esh intersections (Mu, Mio .... M,j .... M,„ i. „ - j) 
a;c then evaluated. Tbc levels of the maximum 
and minimum contours traversing each horizontal 
• Mi; - Ml - i,^) and vertical (.Mi> — M|. j i). link join- 
ire adjacent mesh intersections are then stored along 
"ith the values of the minimum (1st) and maximum 
nth) contour levels for the whole map. To begin con- 
••'uring. these arrays holding the me'^h link contour 
vcK arc searched until a minimum value coinciding 
^ iUi iriirjusI, contour -Id be plotted is h^calcd. TIjc 
:..! cr\cctir.n | of the link by the contour is tpArn calcu- 
imcrpohiTirtri bctwTrn the adiaemt inter- 
4-ig. 3. *: — -* ’ - -- ' 

Tiie position of pvsint C is determined at a displacc- 
:.icr.t^-*- Jroni I and A andU as before.- .Thus jxsini P, 
' JTi "and IP'bccome's' flic-firsPstCp. ?n 

rractk'c.- linear io(erpc»lation between peuni'* A-B (Figs.; 
has proved quite satisfactory for tracking con- 
" A-fmblrTn arises, however. in 1he=ca^ of hxNU- 
tS_!Tiik. sTtLif pcin IS ‘between mesh intersections,, since 
■}»c curvature of the .contour in this region is unknow n. 
i'unhermore. since the link length is approximately 
ivc times greater than the displaccmeiit d.. to obtain a 
atisfactorv' position of the start point a second 
approximation ought to be made using evaluated 
alues of the fir«i. In practice, however, this proMcrr: 
s most easily overcome by not plotting the first step 
on the map. but permitting a degree of overlap when 
the tail of the contour rejoins. 

m 


M. . . 
1 * 2+1 


' d. 




.\s the cc*ntoui- is extended across the map surface 
the minimum array value of each 
link traversed is incremented, ex- 
cept when it alst» eoires^vonds to 
llu* maximum value, in which case il- 
ls set to zero. The contour ceases 
when it cuts a link whose minimum 
value is not the level being con- 
toured (e.g., the initial link incre- 
mented) I'r wlten a boiindavy is 
crossed. ; 

When tio further 'uncT(^«tl links 
remain Uvr that particular contour ,;~- 
level. the next higher is begun and 
in lliiv wav all levels are completed. 

I he density of the m x n mesh is 
determined by the point density in 
the area to be contoured, and the I 
.si/c ol liie siiiailcsi closed cs'nlour 
to he shewn, eg., in contouring 
maps, containing 150 survey points 
of uniform spread, a mesh of 50. . 

X 50 has proved sufficient, liiough 
a closed contour witli a.Kcs lesS than .- 
one-fiftieth those of the map, not 
cutting a link, would not be located. 

A mesh size of 90 x 90 is used 
successfully on maps of similar size 
containing 1000 points. 

The value of the step length d, and the displace- 
ments dj and ds have been determined by experience. 
In practice, the maximum permissible stcp-lcnglh is 
set at just below^ the minimum link size so that, apart 
from ci'*ting corners, no more than one link will be 
traversed with one step. Displacements of one-fifth 
and onc-iwcnticth respectively of the maximum step- 
length have proved suitable. 
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Fig. 4 — Subdisision of map area for location of observations 
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4. OPTIMIZINC; MACHINE TIME 

Experience has shown that an operation which is 
expensive In terms of machine lime is ordering the 
points in distance from the position of the evaluation 
being carried out. In a map area comprising 1000 
survey observations, ordering for the many thousands 
of evaluations becomes an exhaustive task. For the 
techniques employed, generally only the nearest fifteen 
points arc required. Therefore to limir the sorting 
involved, the map to be contoured Is subdivided into a 
p X q array of boxes vvitli the variables being selected to 
give, a mean density of. one xib.scrvation per box. 
Furthermore, the observations to a- depth of two boxes 
arotind the perimeter of the map arc included to avoid 
discontinuities at map boundaries. For each evalua- 
tion the contents of 5 x 5 of the boxes surrounding 
the point arc considered together and in this way rapid 
changes in the comp</sitioji of the points as the con- 
tour moves across the surface of the map. are avoided. 

In Fig. 4, ABC' defines one corner of the map to be 
contoured. Suppose the map to-be contoured con- 
tains 374 points and has axes of 22 x 17 inches. Tlien 
by subdividing the area into 22 x 17 boxes, extended 
to 26 X 21 to include an adequate number of sur- 
rounding points, the 15 nearest points for an evalua- 
tion in box X, can be selected from the 25 observa- 
tions (approximately) in PORS. When the contour is 


:ui* o' \^^° o’ iM2“ao' ma® o' ma^ao' 



Figure 6 
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Autttnuuif CotUf mins titht Survey Pti n 


Figure 7 


extended a number of steps so that the point of evalua- 
tion translates to box Y. the 25 boxes eonsidcred arc 
defined bv HIJK. 


points can be contoured by the program using an 
m X n mesh density of up to 81U(> mesh links. A 
simplified flow' diagram of the computer program is 
outlined in Fig. 5. - 

Tlie paranteier data communic'ated on each occa- 
sion is as folioxvs; / . 

-1. the c<’>-«'rdinates of ;he map_area to he contoured 

2. the number and values of contours required 

3. thc'\alues of m and n. the mesh dimensions 

4. the \ alues of p and q. the box dimensions - - - - 

5. the value n.- the number^of.obsenmioi^s for calcu- 

laiing point values *. ' ~ - - 

6. the Value of e. the sAcighting adjustment. 


5. COMPLTKR PROGRAM . _ ~ 

TliC program is written in Fourah and has been 
created dn the form of a number of modular su b- 
rouiincs so that it cun be readily adapted to accept 
input in any of the usual modes Jpunched cards, paper 
tape or magnetic tape) and any t>pe of co-ordinate' 
dani with associated xalues to he contrmred., — - 

Our usual input to the program has been via mag- 
netic tape containing survey data as latitudes and 
longitudes, with one (or a combination) of height, 
gravity or magnetic values reduced by earlier programs 
(Heilamy and Lodwick. 146iS). When used in this 
system subroutines for translating latitudes and longi- 
tudes into cartc'-ian co-ordinates are plugged in. 

In order to niuximizc the limited core a\ailablc on 
the CDC3200 computer, techniques, such as the 
equivalencing of data storage area and the retention 
of information in character arrays where possible, 
have been incorporated. In this vs a) up to 1100 


6. RESULTS 

In practice, cv'niours drawn by this technique have 
proved acceptable for height and gravity as well as 
other tvpes of survey data, and can be adjusted to cor- 
relate well v\iih contours produced by established 
hand-drawn methods. The principal advantage lies 
with the speed in which numbers of quite complex 
maps can he contoured, free from drafting errors. 
.Moreover, the use of a well-defined mathematical tcch- 
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ijuc uniqucl\ determines each particular map, while 
mplc variation of parameters can produce dilTerem 
■r>ions of contours for special applications. 

Experience has shown that the central processor 
ne is dependent on the complexity and irregularity 
■ the map surface, the number of contours to be 
otted, and the mesh si/e selected as suitable, and 
dependent of the scale of the map. In Fig. 7, con- 
lurs were drawn using a tot.il of 230 points and a 
:esh size of 56 ,\ 44. Ihis required less than seven 
,i!iutes of conqniier time. A map such as that of 
ie 6, in which 1000. points are contoured using a 
icsh size of 105 x 70. takes about 20 minutes. 
..ALCOMP plotter time is respectiNely H) and 20 
iinutes. 
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Branch Notes 


:anberra 

Since the last Journal was published, the following 
ddrcsscs have been given. 

lay: “Feasibility is not enough.” Mr. P. R. Masters. 

P.A. Management Consultants Pty. Limited, 
ipril: The meeting was addresred by Dr. Grace Murray 
Hopper, Commander, United States Naval Reserve. 
Her topic was the development of programming 
languages in the United States Navy, 
uly: “The use of computers in meteorological 
research”. Professor C. E. Wallington of the Univer- 
sity of New South Wales. 

>EW SOllTH W.XEES 

Meetings held by the NSW branch since the last 
dition of this journal are: 

Xpril: Mr. Barry Smith of ('oinpunei Limited, Can- 
berra. who spoke on computer cducat’ou and the 
eomputing profession. 

vfay: Profe.ssor C. E. Wellington, the ACS lectuicr foi 
1970. “The role of the computer in meteorological 
research.** .Also a joint meeting with the institute of 
radio and electrical engineers discussing the use of 
•computers in engineering design, 
iune; Dr, Grace Hopper. of Univac and the U.b. Navy 
-discussed her career with computeis since 1946 and 
offered some thoughts for the future. At another 
meeting this month. Dr. J. B. Hext of the University 
of Sydney discussed a basic course in the craft 
programming. 

Future Meetings 

A program card has been produced lor 197U out- 
lining meetings to be held by this branch during the 
rest of this year. T hesc include' 


Date Speaker 

Aug. 4: Dr. R. W. Hamming, 
Bell Telephone Laboratories, 
New Jersey, U.S.A. 

Aug. 1 1 : Dr. B. T. Allen, 
Manager, Operations 
Research, Caltex Oil (Aust.) 
Pty. Ltd. 

Sept. 8: Dr. M. W'. White, 
Director, Australian Systems 
Development Institute 

Oct, 13: Mr. D. Dyer, Superin- 
tendent, Systems Engineering, 
Australian Iron & Steel Pty. 
Ltd. 

Oct. 20; Mr. J. E. Man, 
Manager Computing, Sydney 
Slock Exchange 

Oct. 26-27: Prof. D. C. Evans, 
Director, Dept. Computer 
Science. University of litah 

Nov, 17: Mr. J. E. Dorn. Pro- 
ject De\elopnient Officer. 
Regional Computer Centre, 


Subject 

One man’s view of 
computer science. 

Forecasting scheduling 
systems: rail tank car 
allocation to country 
depots. 

The role and facilities 
of a systems develop- 
ment institute. 
Simulation study — a 
case history. 


EDP systems at the 
Sydney stock ex- 
change. 

A one day seminar 
and public meeting. 

Fundamentals 
of opcratii g systems. 


N.C.R. 

Dec. 8: Panel Discussion ..Operating systems. 

In addition, the annual feature speaker will be Nfr. 
Max Dillon, Director and General Manager, Cables 
Group Metal .Manufacturers Ltd. who will address a 
public meeting on 24ih September. Also our annual 
conference at Terrigal has been retimed to take place 
during the long weekend. 6-8th November. 

Register uf Lecturers 

Because of increasing requests from professional 
societies, the general public and the Department of 
^Cnntinued on Pa^e 1 16) 
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This Record outlines a suite of conipucer progrerr.mes which 
have been deveioued by ’;he Bureau of Mineral Resources in conjunction 
with the Computer Research Section, Monash University for the 
I autctratic reduction cl field gravity surveys. The techniques 
-developed have proved in practice to be convenient and economic 
L, comcarcd v.’iVr: hand rcr.-.:utarior.. The programme system is designed to 
r- _ take giavity and heignting field results ana ultimately proouoe 
J Bouguer and frr-e-air anomalies, storing the" principle" f<^czs on 

^ magnetic tape in the process. The system as outlined is in use on 

the CDC 3600 computer, operated by CSIRO, Cancerra, 
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1 . iirrnoDTJCTTOiJ 


The gravity surveys carried out in Australia by the 
« - Bureau of Mineral Resources, Geolof^ and Geophysics (BMH) are 

desi{jned to establish control points for other surveys,- to cover 
larCG areas for reconnaissance, or to J.nvestiGate small areas 
-~T in detail. - . . - , . * * . . — 

Since 1959» Bill has used helicopter transport for 
reconnaissance {gravity survoyinc, and this has enabled an 
annual covera^^e of areas as lar^e as Hew South V/’ales on a {jrid 
pattern with a seven-rnile (“t 1-kilometre) spacing of stations 
(Yale, Computer program-mes have been developed to reduce 

— the larce amounts of data collected from these surveys to observed 
gravity, height j and free-air and Boufpier anomaly values for the 
stations, and to store the data in a form cenvonient fer later 
retrieval and further processing. The projramines are v;ritten in 
Fortran and are used on CDC JcOO and J200 computers. ’7hile the 
programmes were developed principally for the helicopter {gravity 
STirveys, they are sufficiently (jeneral to be applied to all types 
of gravity surveys and to all height surveys using barometers 
and a single base system# 

With the introduction of the reductions system the Bureau 
has developed an eight-figure station numbering system, within which 
it is proposed that every gravity station in Australia will be 
uniquely numbered. The station niunber contains information on the 
iirst year of occupation and the type of survey in v/hich it was 
observed (See Appendix A). 

This Record presents the history of the development 


within 3I-il of electronic data processing (E,B,?.) computation, the 
methods used in carrying cut gravity surveys and in computing 
or 'reducing’ the_ data -collected . _ 
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Tne URO cf >],D.P. by BMP for the reduction of j^ravity 
data cornr.enced in April ^9^1* when M.Jt Goodspecd started runnir./j 
prctprantT.ee fron the BITl Melbcurne office, on the Sydney University 
conputor ’Silliac . f'oet v;ork at this st3"e war concerned 'wixh 
ice thickness picbler.a, and very little vas done tow?:'d5 
automatic corxutation of Bcjjuer ar.o”:.alir^ f_r'^ field gravity 
and height readings. Tliis process, usually kncvsci as reducing 
gravity data automatically wan handicapped by the lon^ time 
interval invclved in trrjirjniGsion cf pregrammes and data between 
Sydney and Helbourne. 


Vfnen Ilr Cccdspeed resigned in January 
took -over prograanir-.p, and between this time and his 
had developed a nuTiber of height reduction -progranm.e 


, Y.A. Reid 
resignation 
Tj fer Askania 


and Tfechaniorc barer elers. on the Sirius compator in Melbourne} 
these formed a basiy for subsequent height reduction prcgrarrjres. 


On Hr Reid's resignation in January 1965r L.M. Hastie 
continued the work by writing a gravity reduction programme, a 
Bouguer anomaly programme, and a n’amber of two-dimensional 
interpretational pregrammes. Ihiring '965» other contributors to 
the two-dimensional interpretation suite of programmes included 
J,C. Dooley and H, Loy. A least-squares adjustment progriLmine 
for barometric levelling was written by Dr C.J. Bellamy of Monash 
University 


The prcgranimes at this stage v/ere being run at Monash 
University on the Sirius, and after Kr Hastie ’s resignation in 
June 1964» Dr Bellamy handled BIT! gravity computing and transferred 
the programmes from Sirius to GDC 5200 at Monash. 


In ‘!9^5« the gravity group moved to the Canberra offices, 
and from August 1 9^5 when G.Dc Lodv.'ick joined the group the existing 
suite of prcgrauri.es was being mcdtiied for use on the CDC 5^00 at 
CSIRO in Canberra. By March 1967 when Mr Lodv/ick resigned, a 
useful set of gravity redurtien programmes had c.merged, v-ritten 
jointly by Dr Bellamy'’ and Miss Austen of Jicnash University, ana 
Mr Lodwicko Trap basic set of pregrarmes, with seme mciif icatlons, 
is described in this Record. 


From March 196 T to May 1969. Towcisend was engaged in 

reducing gravity data using the programmes mentioned, 'Dari.ng this 

• ^3 /3T^./3 ^ r-.r\ i ^ 



FIXSAF and subroutine FTLIMM: in GR'.VHTo. 
other programmes were such as to preserve 
card structure. 


-Mtc rations made to the 
the original control 


i 



t 
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The pattern of flights* for any survey is designed to 
give repeat observations at intervals which sre determined by 
the requirements for establishing gravity and barometer drift 
- and ties between ad.jacent flights. The pattern forms a network - 
in which total intervals (links) between tne stations are adjusted 
, „ jasing a least-square technique. For surveys carried out by 

h^icopter, _as_ far as possible the fligh t patterns ai'e_ba£ed on 

the *cell" method of gravity surveying, in* which each 1:250»000 
sheet area is divided into six rectangular cells (Hastie & 

Walker, 1962). A base station is sited centrally in each cell, 
and four loops are flown from the base to each of the tie stations 
at the corners, making the composite flight pattern appear like a 
set of f our-petalled flowers with connected petal tips. Approx- 
imately eight intermediate stations are read on each loop, v;hich 
spans ^cme tv;enty-five miles between the base and the tie station 
andtakes about two hours to fly. For ail surveys, base and tie 
• -'i stations form nodes in the network of- observations, and the flight 
path joining two nodes is referred to as a link. In the case 
where an intermediate station in a flight has a known height or 
gravity vadue determined by a controlled survey it may also be 
considered as a node in the netv/erk., 


It should be noted that the loops referred to, consist 
of a series of observations made at various stations (generally 
over a time interval of a few hours) starting and finishing at 
the same station for meter drift control. This is quite different 
from a network loop, which is often used to describe any closed 
path in the overall pattern of flights within one survey, and may 
extend over a large number of days. 


. A ,l^^i£ht''_ in a -helicopter gravity_suryey is defined as a drift-- 
— 'controlled .scrLes.of fVi ^ gf ar-i r>n number .sequence -"of- 

the form.a,.b, c- — a, which can be treated as a single block of 
rw data -by - the. computer programme GRAVKTS (mentioned later). 
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There are two reasons for adjusting a network of observations by 
a least-squares technique, First, with large amounts of data it provides a 
convenient way of error dttection at ;he node coints. Second., best 
estimates, accoruino to loart-ccuarcs criterion, con be obtained i or 
the values at the bese and tie points, 'dsirui conriputer prcgramnies, 

gross errors are detected by adjusting the network onto only one fixed 
node (control joint) and examining the adjustments that have been made to 
the c « w : vat I cr.{. . •'•l.on the grows errors h.ave Ci.en detected ano remove a, 

the adjustment is repeated, utilizing all the control points, fixed at 
their given values. 


The method of leset-squares adjustrr.en 
of a matrix of the coefficients in the normal e 
unknown values of height or gravity at the free 
not control points), directly from the observut 
and free node statiens. 


used enables the construction 
uatiens, involving the 
ncdcc (i.r. nodes which are 
ons and a list of fixed 


Consider a network of n nodes numbered consecutively i to n with 
values hj_ for the observed variable, be it height or gravity# The links 
joining the nodes are represented by the differences in values Xj^j between 
nodes i and j. The condition equations for a least-squares adjustment, 
which minimizes the sums of the squares of errors in the differences x^j, 
yield a set of p equations for p free nodes. 


Let there be p free nodes and n-p fixed nodes, ronsider in^ 
links to the free node from k other noaes, where may be ^arger than 
k owing to multiple links# The condition equations are then given from! 


X. 


ij 


h, - h. 


... r,h, - 

— 3 = 1 - 3 - 1 - 


(D- 


‘ A second set ci r.-p equations car. ce written down for the n-p 
fixed nedes. - . ' 


V V* 

“i “• **; 


( 2 ) 


. th 


ViLere rl is the fixed value at the fixed node. This yields 

a set cf p normal'equations which car. be sclvei for t.ne remaining h-;^, the 
value:; at the free r.cies. Having determined the hi values the adjusted 
values for the links in the network X^- v-hi-.m-) and the standard deviatio.n 
(S.D.) cf the a;;;urtmc.nts car. :cmr«t.:d. T:A 3.D. is ueei as an indlratio.n 
of the quality of t.te oeservatiens. 
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Once the values for the node points are established the values 
for the intermediate points in a flight are ccmp,;ted. For gravity^ surveys, 
the adjustments are distributed equal!;, between the lr+1 intervals 

connecting the L intermediate stations and a pair of nodes. For- height 
surveys the adjustments are distributed in proportion to tne observed height 
differences cf the L-i-'’. intervals.- . -- ~ 

The relationship of the S.D. to* the accuracy of individual. 

stations in the network has net been theoretically determined, but it is 
obviously complex as it depends on both the geometry cf the network and the 
distribution of control points throughout the network. In practice the S.D. 
when adjusting to one fixed node has been used as an indication of the 
quality of .observations used in the netv;ork, that is, hew well the links 
fit ' tegether . The programme GKAVHTS quotes the S.D, in its printout after 
least-squares adjustments have beer, made. For convenience, v/hen this S.D. 
has been calculated for a network with the number of fixed points either 
one or zero, it is referred to as the internal standard deviation (I.S.D.). 
•tlien adjusting to several fixed nodes the S.D, has been used as a measure 
of how well the netv/ork corresponds to a set of knoivn values distributed 
throughout the area, and is referred to as the external standard deviation 
(E.S.D.). An experimental investigation has shov/n that provided about 
five percent of the observations are well distributed control stations to 
which the network is adjusted, the standard deviation of the errors in the 
final results is approximately equal to the standard deviation of the 
adjustments to one control station. 
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5. FitxD R2ADi::c-s a:jd accuhacy 


A wide range of barcaieters is used for spot height r.casureir.ents. 

The basic assumption is that the isobaric surface is, a horizon t'al‘;^plane . 

over the areas surveyed. The reductions are based on standard pressure 
lapse rate formulae, taking into consideration air ternarature end 
humidity effects. In the. field-oce barometer is readat-the base station 
at about quarter-hour intervals in order to* measure the atmospheric pressure 
diurnal. Comparison betv;een I'ieid and base barcmeters at the oeginnirg 
and end of the loop enables a correction to be applied for relative meter 
drift during a flight. Kesults that have been analysed indicate that in 
good conditions .‘.here height differences ci the order of ^CO feet 
metres) are being measured using experienced observers in stable, £lf."-movin,g- 
pressure conditions, the standard deviation of the errors in the computed - 
heights are of the order of 7 feet (2 metres), wnnlc in'bad conditions 'tO 
feet (3 metres) is typical, Because of the relation between height and 
Bouguer anomaly, 7 feet represents approximately 0,5 milligals. . 


In the field, standard procedures are adopted for reading 
gravity. Drift control normally is established by reading at the beginning 
and end of the flight, and multiple drift control stations are handled t;** 
a mean slope technique. In general the standard error of the computed 
gravity values is of the order of 0,15 milligals. Station positioning can 
introduce up to 0.20 milligals error, since station latitude is used to 
determine Normal Gravity which enters the Bouguer anomaly calculation. 

Thus the error in the Bouguer anomaly at a station is approxir.ately 0.6 
milligals. The results are sufficiently accurate to be used for plotting 
contour maps at 2-milligal intervals for a station spacing of 4 miles 
(6.4 km), and 5-milligal intervals for a station spacing of 7 miles 


■ Tirp 
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The computer pregrarrmes provide the following procedures, which 
are illustrated in Plate 1: - 

-1"- 1) Computation of* gravity values from fligliic data, 

2) Computawion of height values from flight data, 

3) The least-squares adjustment of networks constructed from 
machine- or hand-computed height or gravity data. 

Computation of intermediate stations in the links in the 
networks once the node values have been determined. 

5) Sorting of height or gravity data by station number, and 
the updating cf a' file for the area on a magnetic tape 
holding files fer ail previous areas computed (Survey Area 
File). 

6) Editing of the Survey Area File including the addition of 
latitude and longitude data for each station. 

7) Calculation of free-air and Bouguer anomalies for specified 
densities. 


One programme contains all the procedures involved in creating an area file 
on magnetic tape with height and gravity values for each station. Hie 
input data on cards are arranged in blocks, one block containing height 
data or gravity data for one area. Control cards within each block specify 
the processing required, as the user may for example choose to use only the 
procedure for computing heights, or may follow it by a least-squares 
adjustment but not put the final results onto the Survey Area File, Should 
an error in the data within a block be detected, the computer terminates 
processing of that block and gees into the next. . ^ 


Frogramme G5AYHTS . _ ' .^.1 

This programme contains the routine which assimilates hand- 
computed height and gravity flights, and prepares them for least-squares 
^justmeats, by-passing the field data reductiens stage. Moreover it . 

„ controls the following subroutines; . 






(a) HTRDN - controls the following three subroutines which reduce - 
the field barometer data to observed heights. * 

•(b) 1)ATAFEED - reads in a block of ea'^iurated water vapour pressure 
data, for later calculation of humidity ccrrections, and reads 
in the constants fer the Askania-type microbaremeters. 

(c) DATAFIND - reads and prints the header esurd for each flight 
and locates the barometric constant data (if Askania), 
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(d) OOMFUTi} - cal,culates observed heights, according to Clark 
( 195^1 ?• ^ 5^1 equation ^)* For, each flight, the area, 
flight nurrber, date, base and field meter numbers are printed 
out; followed by a list of station numbers beside which are 
printed height aifierences irem base. Relative meter drift is 
printec. out at tne er.u of the flight. Programme design limits 
the number of stations in a flight to 5C, and the number of 
base stations to 50. 

(e) KNGLOPE - reads and checks LaCoste &.• Romberg gravity meter 
data, £0 that when a LaCoste meter is used in a particular 
flight the program_me refers to this bank. Multiple drift 
controlled periods are evaluated by a mean slope technique. 

Tlic printout consists of area, flight number, date, meter 
number, and scale factor followed by listed station numbers, 
beside each of which is printed the gravity difference from 
base, observation time, drift, and mean difference. The 
last is significant only in a flight v/ith multiple drift 
control. It gives an indication of how well each individual 
drift period approximates the composite drift curve. Provision 
is made for up to 50 stations per fl'^ght. 

(f) LEASTSQ - controls the following four subroutines which 
assemble and solve the matrix of normal equations for the 
network. The limits are 120 free nodes or ^:00 network links. 

(g) SORT 2 (LIST, LENGTH) 

(h) SORT 22 (KEY, DATA, LEIIGTH) 

(i) SEARCH ClT3\, LIST, L'ETnGTH, I) - are used for matrix assembly, 
and sorting reduced data in preparation for running the_ results 
onto the Survey Area File^ 

(j) FILid'-AT.* - creates and updates magnetic tapes for blocks of 

data from. LEASTS^. _ At this stage the tape .may contain station 
number, elevations and gravity, tut space is left for later - 

updating with lati tuJes* and .long! tudes. The tape format is 
given by statement 'C62. .Provision is made for up to ROOO 
stations to be assimilatea in each block". 

Prograr.me SAFILE 

Tnis T.rcgrarme ccr.tair.s two subreutines; 

(a) PREPARE (J) 

(b) ORDER (K) - these routines update latitude and longitude onto 
the Survey Area File by station number. Provision is made to 
accept 1000 stations in any one block. The format for the 
card input is given by statement 'SA of Prepare (J). The 
programme is designed to accept banks of gravity flights 
’hlready run through the GRAVKTS programme. Header and 


1 


U^I^JLIGJIT cards are neglected. The programme prints out a 'ft'-" 

listing of input stations, Survey Area File stations, 
latitudes, elevations, gravities. 

Programme BA2 . - . 

■*' ‘T- - ^is programme takes the Surv^ Area File, locates_a.required*'- 
area, "and carries’ but' 3ouguer and fi^e~air^caiculations"foz^u^'Tor sev«.^t^ J- 
: different densities. The printout''coriSi¥ts_' of *a listing"* 'qf3statio^jy^^^3 
latitudes, longitudes, elevations, observed gravities, free-air anomalies, 
and Bouguer anomalies. 

Programme NAI-IE 

This is designed to put a Bl-IE name on tape, immediately after the 
•systems name. This is necessary before the first area is run- onto the 
Survey Ar^a File. It is of 80 characters, as a card image, Foiljcwing the- 
name is written the terminating statement EliCSAF," . . ' ' - 

Programme FIXSAF 

This programme is designed to make amendments to the Survey Area 
File, V/hole areas may be created or deleted, stations removed or added 
to particular areas, or modifications carried out to the value at particular 
stations. The limit is 1000 stations to be updated or created under any 
one area title. 

ProgracLT.e CHEATS 


This programme com.bines programmes NAME snd FIXS.AF and is not 
limited to 1000 stations as in FIXSAF, as the SORT subroutine is not 
invoked and stations are put onto tape (which may or may net have a SAF 
title) in the card order presented. 
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7 . iNsraucTic::s cn kecordiwg field SHi:£Ts 


•Becauce data cards are punched directly frorr. the observation 
sheets it is essential that observations are written clearly and carefully,' 
Moreover, since reducticns are usually rarried out by people not engaged in 
the actual field v;oxk, ajiple use should ce nade of the renarks ^cclunnc,- _ 

Sample barometer data sheets are set out in Appendix B, A 
typical days work would consist, ci one set of base data followed by four 
flights. At the head of each sheet are boxes in which to insert observer's 
name, survey number, ^'ind day number. Tr.ese are for identification only and 
ere nor. puiicheu up for rhe ccnputer. Tiit hoadei core consists of an area 
name (8 alpha-numeric), traverse name (3 alpha-numeric), date (6 alpha- 
numeric) field meter (7 alrha-nu:r.eric) and base meter v? alpna-numeric) • The 
date consists ci t.*.o firpures icr each of day, month and year. In- the last 
square in the boxes for field and base metersvis placed a letter indicating 
the type of barometer used? A = Askania, li = millibar reading -yp^? ^ 

(mm Kg) reading type. The meter numbers must be inserted correctly for the 
Askanias, since data for these barometers will be provided from an inserted 
bank. 


V/hen recording base data the station number must be left blank. 

Time is recorded to the nearest minute using a twenty-four hour clock, and 
barometer readings are written with 4 figures before and 2 after the decimal. 
For the past surveys the column miarked COK?. 'N is used to indicate Askania 
instrument temperatures; in present surveys where these are no longer 
used the programmes may be modified to apply corrections to field 
observations, e.g, for the tilt of the iscbaric plane. The segment is 
relevant only to Askania, the tv.'o figures placed immediately after the 
wet temperature. All temperatures are recorded in centigrade to the 
nearest tenth of a degree. Should mere than one sheet be required for the 
base data, the r.eader card is not filled out again. 

For the first flight after the base data the header card data 
' m.ust be ruled out. The relevant data for this flight are filled in on the 
base header card. For all subsequent flights referring to that base, 
the header card filled cut. The station rrirn'cer consists of eight 
figures (4 before and 4 after the decimal). Other readings are recorded 
as for the base, Ko dry^ ana wet temperatures are included in field" • 
observations. At the comtie^icn of ^flight FTJDFLIGHT-pr in ted- indicates 
to the punch operator to; insert the appropriate card. 

A sam.ole gravity ateet is set out in Appendix C. In general the 
gravity is filled in like the baremeter field data, v.ith a fev; exceptions. 
First the letter for tr.e field meter may be L, otherwise blank. L indicates 
£ LaCoste meter, sc thac the scale factor will be blank. The m.eter num.ber 
must be insertea accurately so mat the programme will refer to the approp- 
riate data. For other meters the scale factor is inserted with 3 figures 
before and 5 after the decimal. Second, the programme ignores instrument 
temperature, Ir.e eiiect oi temperature cn readings is at present neglected, 
but cay be allowed for at a later date. Finally, latitudes and longitudes 
are inserted in degrees, minutes and tenths cf minutes. 
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8. INSTRUCTIONS ON FRCGRAiV.tiE USE 


Card decks exist fcr the programmes. Systems cards (JOB, RUN, 
EiDFILE) are placed before and after the programmes and at the end of the 
- ^data'deck-Xfor use of~these-consuit the CDC 3^00 reference manual), . 



A compleve reduction of an area con’vaining height and gravity 
data using GRAVHTS will terminate with storage of tr.e area on the Survey 
Area File. This will consist of the area name follov.'ed by, in ascending 
station order a BCD listing of station, latitude, longitude, elevation, 
gravity. At this stage latitude and longitude are blank. The deck for such’ 
a reduction is assembled in the following number. 



— -1. . JOB card . - 

.' I 2." GRAVHTS programme deck *' 

3. RUI'I card 

4. GRAVITY 'i/1 card 

5. AREA card 

6. '.LACOSTE deck :• 

7. ENDHETER card 

8. GRAVITY deck 

9. ENDGRAVS card 

10. LSA card • » 

11. ADJUSTCENT card 

12. NODE deck 

13 . ENDNCDES card 

14. CREATE card 

15 . SURVEY AREA FILE card 

16 . AREA card 

17 . HEIGHTS 1/1 card 

x-_. . -1 8 . AREA oard_.*^ - - . _ 

.----^- 19 . SATUIUTEbiME2.;.'AP0TO PHTSSURE de'ok- 

20 . “ ■' ASKAi'i'IA deck — ^ — * - 

^ ENW-IETER card - - 

^1* ■ ■ ~ 22. \ HEIGHT deck' * ' ■ 

23 * ET'i'DHGHTS _card * 

.ADJUSTKKiT card - - r f 

11 ^ rife: 26 . NODE tk- 7" .. ■*- fe..!,' ~ ^ 7. ’ 

27 . ENDKODES card- / ' '•v-' ' ' . • -- - - 

28 . UPDATE card' ' 

29 . SURVEY AI\EA FILS card 

30 . AREA card 

31 . E.'JD card 



Cards 1 and 5 &re systems cards. The HEIGHT AND GRAVITY cards 
have these letters respectively punched in column i1. In columns 12, I 3 
is punched the number of areas to be adjusted together, in columns 9»10 the 
sequential number of the particular area e.g. 1/2, 2/2 etc. (usually this 
facility is not used, in which case 1/1 is punched in. If it v^ere to be 
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uscdf the LSA cotrd v.ould be placed behind the ETJDHGKTS card of the last 
HEIGHT deck, so that the relevant separate height areas V'-ould be least- 
squares adjusted as one),' ... . ^ 


The A?EA card has a free field of 80 characters. The saturated 
water vapour pressure deck, consists of cards numbered -"^0 to ^9 in 
colur.uus 4 ciTid each nuribei corresponding to t:ie tenpcrature (degrees 
centigrade). Following this on each card in format "'.OF5.3 is the 
SiVVP data, one entry for each tenth degree. These data are available in 
the Sriithsonian Fnysical Tables (19^3 leprint), Tables 207_snd 70^ 


Tlie ASfIA:;iA METZH deck has one card for each meter. First the 
meter number is punched in cclurms 1 to 6, then the relevant data for 
measuring ranges 10 to 17 are u’-ntched in lormat 8ro.2 from column 
The values of m and c follow in format 2F6.4 from column 55 1 the number of 
divisions per range, F6.4 from column 78. Up to 20 meters can be inserted, 
terminated by an ENDMETER card, punched from column 73» 


For gravity the LACOSTE KFfEH deck can contain up to 10 meters, 
data from v/hich are punched as follcws. The first card contains the meter 
number punched in. format Ab frem column •. The next seven cards, numbered 
consecutively 0 to 6, in format 5^s 13 from column 1, con*’ain the values 
in milligals from various readings. On card 0, in format 10F7.2 from column 
9 are punched the values for counter readings 000 to 900 respectively. Card 
1 contains 1000 to 1900 etc. so that the last value on card 6 v/ill te for 
6900. The conversion factors for the intervals are punched in format 
IOF7.5 from column 9 ori cards '•O to I6, starting with factor at 000 and 
finishing with that for 6900, 


The HEIGHTS and GKAVITY decks consist of data in flights, each 
terminated by ElIpHGHTS and EiCOGRAVS <ard respectively, p\inched from 
column 75. To carry out a least-squares adjustment, LSA is punched in 
the first three coluiTins of the next card, Tne AL.;UST!'.n.7F card ToaIows witbf 
the number of areas to bejadjusted together t'lncned in columns 1 and 2, the 
number of all nodes in columns 3 to 5i snd the number of fixed nodes in 
columns 6 to 8. In columns 9 to ^6 is punched the mean datura to be used 
when the adjustment is dene - format FS.'*. In coiurins » 7-21 , 22-26, the 
maximum acceptable standard -deviaticn and adjustment respectively are 
printed - format 2F5-2. ,(I»ote here that for gravity the datum for the 
programme is already 978»C'OG.O milligals). This card is followed by the 
NODE deck, consisting of ail node stations the numbers of which are punched 
in the first eight columns, cne to a cerd, followed by the numbers of the 
fixed nodes (repeated) with their values - format F8.4, F8.2. The deck is 
terminated by a* carJ v.'ith E!:r::CDE3 pinched in the first eight cclurns. 


The fcliowing control cards create the file for an area on 
the SURVEY ARE4 FILE; first a card with CREnTE punched in the first 6 
columns, second a card with the SURVEY AREA FILE HAES, which be>:omes the 
magnetic tape title, and finally the AREA card. The last two cards 
are free field - 50 characters. Tnese three cards are placed after 
EliDNODES causing a new area to be created and the SAF rewound. 


J 




The control cards necessary to update the file are as for 
CKErtTE except that first card has UPDATE punched in the first 6 coluinns. 
Height or gravity results can le updated or created, but Vipdate' inust* 
follow some previous establishrient of data for that area being updated, 

Hcte that the SmK file is coprer. Logical Unit 2,* to start with 

Liiniixx, ^ftcr it v.'ili ce Lwj-» r ine last data cars oi any docic 

r.ust le* one with il.'D pinched in' i;;c first'-^ colv.r-jS, " Flights of iiard- 
calculated data can cv ansir.ilateJ by the rrcoran.r.e : for card 6, RED HTS 

is substituted for ilElGHTS; for card 20, RED GRrvV is substituted for 
GRAVITY. The height or gravity difference ircrr. the first station in the 
flight (considered as sere) is rur.''hed in behind the station number, format 
FC,2, Fe.4, for eacn-corc. The l/l, 2/2^ iaciiity enables areas contaii;ing 
both hand- and rr.achine- calculated flights_to be least-squares ad;^usted as 


Prcrramrr.s SAFILE 


The layout of this deck is as follows; 

1 • UOB card 

2« SAFILE pro gramme deck 

3* RUN card 

4. SURVEY AREA FILS h’AME card 

5. AREA card 

6. LATITUDE, LORGITUDE deck 

7. EI;DLATS card 

8. ERDSAF card 

The SAF IJAME and AREA cards are as before. In the LATITUDZj LONGITUDE deck, 
header cards and E^UIFLIGHT cards are ignored, Tne T^DLATS :ard (punched 
in columns 1-7) follows tne ceck. If another area is to be updated a new 
AREA card follows, then the deck etc. Tne final card -is ERD3AF punched in 
the first 6 colunins- The SAF tape is equTrpc-d V = r.agnetio tape (read 
cnly), 5 = magnetic tape ( ./rite enable)^.- the up-dated -output is' 2'^= 
tape ('Ante enable). This programme acccanciates multiple updating within* 
the one run. • ' ' 

Frcrramme FA? r-- ^ : r 

The layout of the deck is as fpllcTrs; - -- ..pf E- -•'■■-"T 

— - — 1, J05 card — * — _• T*:' . - . , — h: 

2, BAR progra.mme deck 

r.w.'i cara 

4. SURVEY AREA FILE '.‘AJ-IE card 

5c cars 

6. DERSITi card 

7. BLANK card 

Tne SAF KAKS and AREA cards are as before, Rrevesien is mate :or up tc 
7 densities to be calculated, punched on the DE.'SITY card in format 
7x5.2, Tne SAF tape is equipped to logical unit -C = magnetic tape 
(read only). Bouguer anomalies fer mere tr.an one area on the SAF tape 
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can be calculated in the one run by ineer iins the relevant. AREA and 
DENSITY cards before the blank card. 

Profrrarrine KA^^E ... _ 


- •• - The layout- for .this deck is as follows; ~ / 

1 • JOB card 

2. NAME programme deck 

3. RUN card 

4. SURVEf ARrl\ i'lLE N/'iI-lE card 

The SAF NAI-'.E card consists of a single card, 80 characters, free field. 

A tape is equipped 1 = magnetic tape (write enable). 

Programme FIXSAF 

The layout for this deck is as follows: 

1. JOB card 

2. FIXSAF programme deck 

3. RUN card 

k. C/CREATE card 

5. DATA deck 

6. END card 

7. SURVET AREA FILE NAIiS card 

8. AREA card 

The C/CREATE card is punched from column 1. Cards in the DATA deck may 
contain the following information - station number (columns l-IO), 
latitude ( 15 ~ 20 ), longitude (24-30), heights values (32-4';), gravity- 
values (42-51)* Latitude ar.d longitude are presented in degrees, minutes 
and hundreths of minutes. Heights _urd gravi ty-value s ar e punched. la. 
format F'0.2, Any of these (besides the station number) ray be leiT:— ^ 
blank, A complete nev/ area is added with the C/CREATE facility. 

To update a particular area C/UPDATE, punched from column 1, 
is inserted for C/CREATE. The data card layout is as atc"^ except that“a 
station number with D punched in column will be completely- deleted-^ 
from the file. Blanks or zero fields on cards will cause data held ir.— ~- 
these positions on tape. to be uncheinged. To delete a whole area from 
the tape, the DATA deck and END cards are left out and the control card 
is C/ DELETE. 

The BAF tape is equipped ' =; magnetic tape (read only), the 
updated output is 2 = magnetic tape (read--.vrite) , B = Magnetic tape 
(read- write) , 

Atiy numoer of UPDATES and CKEATEs may follow each oil.er with 
sections 4-8 (above) repeated consecutively. 
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STATION N UMSIJ^I NG F OR GRAVITY SURVEYS . 

(developed by. Mr L.M, Hastie) 

1 • In order tco ir.te^x'ate ar. Australia-wide r.etwcrk of gravity 

stations the syszrr.. cf s*a1ion nur.cering adopted n'.ust provide a uniqae 
identifying number for each staticn. It is also considered desirable 
that as much information as pcssibie about the station be encoded in 
its number, Iii view of these requirementa the Bureau of Mineral Resource^ 
had adopted as its standard ar, eight-figure station'numteri having four""*” 
figures before a decimal ncir.t and four figures after. The integral part 
contains the year of the survey, and tne identifying serial number of 
the survey, v/hile the fractional part specifies the individual station; 
e.g, the first station occupied in the first survey of I965 would have the 
number 650": .000' . 


2, It is hoped that private companies engaged on gravity surveys 

throughout Australia ;viil adopt this numbering system. Particular survey 
numbers will be designated immediately upon request to the Gravity 
Section, Bureau cf Mineral Resources, Canberra, Hcwever, it is essential 
that the eight-figure numbering system be used v;hen rv lucticns are carried 
out with the BMP computer programmes. 


3» The integral part of the survey number (for example in '*•9^5) 

is grouped into the following four categories: 


BMP pendiilum surveys 
BMP gravity control surveys 
Private company gravity surveys 
BMP gravity surveys 


6599 

6590 to 6598 
6530 to 6589 
6500 to 6529 


For the purposes of this discussion a ’control survey’ is 
defined as a survey using multiple gravity meters. 


H, In any survey, numbers .0000 to .8999 site available for 'general - 

gravity staticns established, while .9000 to .COCO are reserred for ' — 
control staticns. Those control stations are subdivided as foliow's: 


Absolute gravity stations 


9990 to .9999 


Primary gravity crntrol staticns 
(Mount Gambler Pc.udulum 3099<»9907). 

Secondary control stations 
(Hamilton Isoga. 6d9''.90Cl) 

ai.d tertiary control stations 
(Tur/iut cell centre 6606,9062) 


,9900 to ,9989 


.9000 to .9899 


The only control stavLons which can be established in the 
course of an ordinary gravity survey are tertiary control staticns; all 
other classes of control staticns require a multi-meter control survey. 


5. In the course of a gravity control survey, two categories of 

station, other than those mentioned above, may be established - excentre 
stations and calibration stations. - - 

i’xcentre stations should be given a number in the range ,C000 
to .6999» should have their last”2 digits identical "to those of the 
absolute station, national base or primary gravity station, to which they 
refer, the first and second digits- being- used to distinguish between 
various excentres established by the cne survey: e,g, excentres to 

primary control station 659'i»9925 would be 659"^ 609'* *0125, 

6793 . 0125 , 6793 . 0225 . Excentres of secondary base stations should have 
the last 3 digits identical with these of the secondary base tc which 
they refer. 

Calibration stations should be similarly numbered, except that 
they will refer only to primary' control stations or to absolute or 
national base stations, ‘ - 

6. Wlien entered on a map, the fractional part of the number should 
be inscribed beside the station symbol. This will be preceded by a 
letter representing the integral part, and a key to the relationship 
should be provided in the legend of the map. 

7« If any established station is reoccupied, either in the same 

survey or in a subsequent survey, it should retain the number given upon 
establishment. 
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U9>1STN.S(1 ,<n , I StmS(?;Kt)", RESULT! KT) 
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1139 F0RytT(X.«4 , IH. , ^4,2x,r3,2) * * — — ‘ --- 

IF{ l303.E0,4RtVUF)13^,134 
134 KT = K T-.-1 

n'5 Tn 135 
_ 1 3 3 L = < T - 1 

’ “w 4 I 7 = ( 3 7 il 3 4 )'( I A k = 4 : 0 ( I ) ; I ) ; L ■■ * ■ • V -*• - 

^ll34n;»f ftTf674.i.^) ^ , - - 

. - ^ i‘^nrn7^1'33)riST\b^a^4l).IST'j5(?,I)VRE.^L^fVnrr='l4L> ' - 

113 3 r 7 <J) ( a ^ 4 , f a , ? ) ) ’ - ■ ' J."; 

* "no 7T’V3V“ “ • ^ 

f-" E A r ( 6 r; , 1 f? '1 3 ) t * ;? f a C n _ _■ 

w-ilTE(37,i:)0 3) lA^EACn ' “ 

10.9.3 AT ( 2nA<» ) 

u=< 1 T E < 61 . ? no5 ) m»ea::d 

10 05 r < im; , ll-n.ir I u ■< T- I a , // , x A R E A I ?E >,’T 1 r I C A T I 0_'J , IM* , ;?0A4 , 1 

1»( • ) ' - - 

. j = ^ 

” r.A.i. hiHON T - . - - . _ . . 

2 F'Jnf lf.r 3 7 - - * . . . 

~ < I . E 3 J , ?5~ ■■■■ ■ * " ■ ■ 

3 P E A 1) ( 6 n , 1(1 0 3 ) IA-VEaCD 

I’j '<’l> eT 3 r, 1 0 0 3V ! A ■? F A C 0 

WRlT = (6l»l‘»nA)iAR-AnD _ _ 

in04'*rovMAT ( 1 ‘U. r-^H^waV M V n4TA,///x/?lHAREA IDENT iT 1 C A 1 1 ON .lHi',2 

ll-^»). _ 

I ^or-j=3RG« a‘ " 


r. A •_ I. !-<. V S T) ^ E 
~~F”r6'f ILE 37 

lf(IER^OR.E. '3.-1)13.25 ^ 

25 ir(Mn.E(J.r‘0)?7,i4 
27 NE^INM) 37 

"00 TO l'4’ ■** 

— 

N e' ^‘r\ P 3'7 

!*■( 1 EW^OR . E”). -1 ).33,1.4 

-- - 9 "1E-W0h = 2 - ••-•- — ^ ^ ^ _ 

CALL -RlLEfAA'j ' - - . 

— I JS? ■' - r— -- - 

I DJT = 3 ■--- 

7 1EVu:F = 1 ^ ^ 

ca . 1 ni.PKAM ■ . 

••' - ' ro 70-14 ^ "■ ■-■■-' -•-*■* ^ 

c«*^' S = ar:f rpR - V£x T . Hclu-^T" gravity Card U^ICH~15_^ri9ST~0T'AN "IREA - ‘ 

37 _ * __ ^ ^ 

-J3 R r f'-‘ r6T7i n ri I7l OE'^ ^oT^'b -■* ~ 7 ^ ; ' 

1005 AT ( 2a 4., R2 , y , R2 T- * . ^ “ ; 

1 F r 1 Oh\'T 1 . T 1 . ‘i-iENiD ) 1 1 , 1 7 ■ ““ ■• • 

17 I f ( 1 :E V7‘. . . A ---E I li . A . 'O . FT . 151. IB 

iR'*r ' ( nt-'vTl . E3. A-^GRAV . A\T», M3. Fn. 2R 153.33 


11 S T T r 


O; 
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c««' 


SJ^HSUTINJE ^ 

SlI^oRDCi'RAM *3 v.'T'? 0LL I N j 5 J^R0UTINE5 WHICH REDUCE BASIC HEIGHT DATA 
COHHDN lEP'-^DRi IN# IDUTi I ^ES « lS UGH,SEG(2flt8) ,MA(2G) |CA( 2D) ,SW y P^7 0 

^ ■ .. - *■ ' r Ar\akjnrj c c f I . A o ri C C 


1 , \ A ( ? 0 ) I J A . jAR\b{2!')iA33HfiAPRLAt,ApPM®H6SiI»J|ABC»DEF 

real ma,nja — 

' ' I M T r g'e r " b a rV d , a b c , 0 e r 


I ERRDR=n 


c A..L Pat A^ - = n 
.J f ± I i RROR . E 3. )■? . f 


1 cMD = 0 •— 
call nATArlNjD(.IEND) 
'"'ir( lENoTEn.-i J?. 

3 CA:.L CDHPUTE 

Go TO \ 

2 _RETURM 
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r A I " < n . r: f: . 4 > ) : 

. . - 1 - 

? yeTT'J 

F3>?*'AT C5?H _?'3’nN3 =»0SITI_D'J DM;A_CARD , I 5 » 



„ _ 

c * * • R ^AiriNr' c'bT^'T A \ T s “r D R~ R*= 3J fR E D A S < AN I A VIC R 6'A A ROKcTERS 

2 PD^ JA = 1,?3 _ 

PE AU 9 •/ , R A R \J ^TTa ) Vc S E 3 (’ j’aVI a ) ,Ta = l”, 8 )|XA(jA),CA(jA)*\A(jA);iPAP 

97 P3Rr<ATfAA, 5fS.?,f6.6,^6, ?|E6.2,_M_) 

IF (l>A>7E3,"'rHENinM)A,3' 

3 COVJTIN’JE 


"SJ'JRnUTlNE OATATEEn - -• ■ 

C*««' SURRO'JT INE To Pcgo IN C3NSTANT SAROMETER DATA - - — - 

S , E R 3 R , I N I I 3 ‘J T , H = 3 , 1 N 0 3 H . s E G ( 2 n /.A ) Aj j , 0 A ( ? ?Xi_S JiVLlClP. D.L_ _ 

VA ( ?o ) , ,jftR\Q( , A^^^T , APPLAT 1 AP = MPRcS , I , J, ABC , DEF 

TF-{P«BARN 0 ,ap:,OEF ; ... i_ 

ST.^ m 7 \a ■ " '■ .. 

5 1' .* T ^ '-Ti t r P W >• T = R ^ A 3 U R- P R E S S U 9 E. „D a.TAIF AjT f. « 

C<>* » * CP^R(*CTro"^'S~ L ATt^R *’ ^ 

fj \ = « •_ 

^'NMi \jr>'-9 _ 

R E A u 9 9 , T i . ( ? r.' V P < < ) , < V N ^'7\ N ) 

?9„F AJ_. { I . 1 T . 3 ) . . 

I 7 = ' 1 1 * 

- - I F (T = ^^ = . rO , I .3 ) 8 , 7 


ORIGINAL ^ 
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rj-irtnUTl\E OATAFINOdP^DJ 
PMtNSlOV 

• LNji.MJT » I ^ = S . I MOGH, SfcG(_2,n^ Ll^:U?.PJ.f.CA ( ?p ) . s.wv=J2AP1. 


1| viA ( ?0 5 . JA, :)AW'iri(2n) , 

1 A3p|_/»T , aF-5.i.^-c{; , J , J, 4 , /.-^ca , IFLIGHT , irAV|HONTH. I YFaHiFBARNOi 

ii«'iAf-vn * ' • - -- - , . 

I M G w H j I ^ « A H Vt) ,*J-<A^'J()iAflC*riFr • X^trA 

'vA.nja" . ■"* . ■ * * ’ . 

A-J at ^ ?M. > AP^HT S i*>no,i appmp»FS * 730 , - -L-nv^--;!- 

C*«» iv'ST-^.Mr'JT rrATA FOR T HE *’ P AK T 1 CuX“a tlfwY .J' 

i» ‘<6 . AF -A ( 1 ) , \K = A r , I "L I G-JT , I D 'Y,Mn\'T^ . I YEAR , F?A9 ImO. f BC.'XBARNO 

1 , '.»rF , I'-*)P " 

96 F ^ t ^ j ^ ^ ) 

■C*«»'CPc:>- = -^rliHT IUT.\ COMPL’-^-l’' ^ 

I"f I PIP <>W?Nf)‘0 1 . ^ ' 

= 

' RrTl'l\ ; 

" 2’ I T ^9 . = / { 1 > » A 9E A ( 3 ) . 1 FL ir.PT . I OaY, MOVrw, I YEAPTFR AR^Jd^A'9C. 

AK \;(' . l) = F 

■'b9 r 0-i“AT (/>/ ,*1 -.PAA, 7 , A3.:x,3‘l3‘iJ:<iuRFTELrj mEYEH^, a‘6#A1i 

13X,3n»<^A9F ''rTc^.A^.AI,/) _ 

“ A p y 1 . A TTa f*“ a r ♦ ■ 3'.'i 'll 6 / m , 


o: 


c**» CHECK vHETPrR FIE-D rtA^.O^dPR MbCHAMSM 09 ASKAMlA__ 

■* IF( Aoc.Eoi H7) 5,2n 

2Q.no 1 < I = 1 ,?I) _ 

t IF ( '■rarmO . ^ 0 , Ha9N0( I ) ) 6, 7 

. . . 


14 CD9TIRJE 

_ ls?n 

6 P>I\ T 93^" 

J^5 FOPMAKX.'i'lc IH*) ,2^H "I=.U HAROMETER NOT FOUND) 

~ 1=9 90 R = -'l ” 

ro TO i»? 


QJ 

o: 

Jll 

01 

b 


5 I = (D = F .KO. m.0R.U = ‘'.E).lR7)1l.2l 

?.l . 5 0 J-1 , P'D _ _ 

I = M" -<A>NO . ‘ 'J . 9A9>.0( .1) ' U , i? 

12 I = ( J.bO. JA-l )10. 10 

in“ro>jTi\jb * 

* • - ‘ Jr?(' 

T3 '* p 9 1 "Ja 

94 ^•OvvAr(x,5'•(^^.K26H 9 a>= RA90'<EThR NOT FOUND) 

■*■ I “ 9R09 = -i ' : ' 

f 2? R = M.' 9 0, I POP 

93 ro^'^AT (7 ?V,a4) ■ 

1= ( IPOP.r i. xHP'jOr, )A. ?? 

?~Tl P=T uV:r." 

i f\io • - -- - . 


0 

0*^ 

o: 

o: 


OJ 

o! 


I 

} 

} 

I 



09 lG 1 ^SAL PAGE !S 
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S J'-<PnUT i \Jlf COMPJTF 

rOMXn\ ■ IPR^0=? , IN. I DUT, r-< = S. 1MDGH.SFG<20,8) ,KA(2tt>,CA(20) ,SWVP( 700 > 

( ?7m iJA , _ 

• 1 1 .‘j. a 7:, D6F , AREAViFX-^'RHT.l'DAY.KONTH^I YB'arVfTa'«NO~, 

— 1 5 A R v O 

- n 1 Mr vs I n V A -( ?; A ( ? ) , ^ 

'r "AREA- ' _ — - — - -- -- - ■ r.‘7.i 

1:^ NS } 0 N STA,T10'J( ?0) ,DRy(50K-F.T(*5&J ,P>.'r5n)\Pf?7"50riPTI>.E{50)7"’' .. .r. -.J- 
1 F , f*R VP ( 50) , 7 ( 5D I , 3RPSnir( pO ) . HRITT ( 50 ) , cl31 V = R^S(5n) .HTDIFP 7' ^zh 

2( 5T ) , f-T i v'l*. { i>) ■ ■■ ■ " ■■' ; 

RPaI lNSTP'’^.Mfl,\'/i ! 

IVTLGhR A, -HS.PTIM?. MT 1 ^ = ,ABC.l)FP.RAP^d "■ "■ " * i 

. = = _ _ „ _ OJ 

. ^ j h in E 1 1 rH fu r A : 

^2? n = JTIO'I. MR5,^I'J5.R*FA0ING, l.S'STE^P.Dljy/wUT.A. :=»0O - ' OJ 

- _ * 'f n r TV' r p p' , 4 vv\ ? ; r 5 r ? r V" 3 .■ 1 . 1 ? . *) 's X . A 4 t 

)*:TiF"P .!- ■>. ) 15,15 _ _ - j 

- CR«P '•>- W'iblwER DATA "ROM 3ASr OR PIclD * - -* * 

15 rp 1 5t jTiOM.’iT.n.ooon'yiiy.i’fl •- ’ - - 

17 f'rv* 1 

1 p ( ri .GT . 50 ) 6 54 , 0 55 


03 

03 


05 4 OR I f! T 557 ' 

.^^Z. ^ IH**) , 39H '1DRE THAN 50 FIELD READINOS IN PLIGHTJ 

lERh’DR = -1 
fro T 3 50 0 4 

6’55 'ST AT ION( N) =5T'JT10N ~ ' 

1-*7 ) 6')0 7 , 5 301 


60 01 I P ( ARC . PO . 1 H -• ) ) . 5fn 1 
5 0 0 1 I P < A . L = . R ) ? :) R , 5 0 0 2 

200 ORIh^f 3 C 1 

201 rORf*AT(X,53 ( IH») ,25H A 3 X A vj I a SEGMENT LESS THAN 10) 

lEPPORs -1 - ■ - - - 

5 n 0 4 0 E A i» 5 0 0 5 , 1 ^ n 3 

5n’(i5~f'3RfiAt'~r72X , A4 ) 

■ - ■ I P < ] => . E G , 4 R P \ n •" ) 5 0 n 6 , 5 3 0 4 

1 5_n.Q6 R^TrRf’^ ' ■■■ ■■■ 

iiE.ii •>rE55jre p;ir 7as<ani a H ICRORaROMETPRS 

7 tr ) = spc-( I . i-5) *w;a"uj r_sEaa^x»fiiiyjiA71Ll*LlA7> ~- oL 

\^-;:-lPCM>r!S/NA ( I ) ? * '^A ( I > ♦ : A ( I ) i« ( X\i5TPm°-?g , ) 0,’ 


ro T'n y 


--60412 TFfN) ?"RCa 31 vG — . - 

"L 'ft 3' T 3 .Z;?. ' . ■ ' ■ ■ ■“ 77 ' 

f 5 - X ~~Ji F A a”l Y? - • 3 . 75 - 33515 “ - 

■ - 2 .-XI;T^^ ( N ) = H R S - 6 *: •. M I N 5 - ’ 

•" '19 ’^2 ~ - 


:..... 15 ”= M-. 1 

IP(‘^.GT.5n)5o?,5 53 

~ ■ 652 OR I NT 555 ' 

656 F3R‘ AT ( X , 5 1 M H* ) , 35H R3RE THAN 50 BASE READINGS TOR FLIGHT) 

] ; :. t,' ' 

0 3 T3 5 f, 3 4 

653 IPTrETTOD. 1 S7)7n34V7331 ' 

7P01 ]P(n=f .F3.!H')<,5n33 

C*** CALT.U.AlE EASE ^-^ES^JRE -3R AS5ANU “ I C'ROR AROmETLPS 
_5JT0 3 PR(i-)=SPr, (J,.*-7)*REA3lN3»(SES(J,A-fl)-SEG{J.A-9)>/NA(J)M{A* 
IPE •■LU NS/'iA ( j ) ) eMA ( J) ♦CA ( J) ) * ( I NST £^^0-20 , ) 


0: 

6 - 

0; 

’ 6 " 


0: 

0: 
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GO TD 4 0; 

7R04 P3(M)= READING :• 

G O TO 4 ^ 

3 a reading • 3,7500415 ‘ Oj 

A PTlME('i)=MRS*60-*-'iINS _ _ P. ‘ 

— " '23' GRy ( 'I) =U'JY ” * .01 

_WET(NJSW’JT_ . ! L„^P; 

GO TO 22 - - Q, 

16 n o 130 JOY g ? .N 

^ fP (fflME( JOY) ,Gt."T!'1=C J0Y*1> )100.21 

21 p‘rint_^92 . : ■— 0? 

92 f 0R»‘.6T ( X , ‘.50 ( £h«F. 37H TIMES IN NONASCENDING SEQUENCE) 

; I ERPORs-1 

RETUR.M ‘ 

1_0o_contpije _ 

■ K ( M . t . n ) 1 0 V 9 , 1 1 9 s 

c«** fOLwO^JlNG STcn CSJ5UTES T-iAT FIELD DATA CANNOT BE CALCULATE D FRQH PR EVlOl 

BASE IF DAtA c-ROM SAME IN NON* ASCEND I NG* OROERT 

1099 f^=IZYXwV 

in^H 1 z vx JVsM ‘ . _ - - 

no 101 JAY S?,M ^ 

fF ( RT I ME ( J A Y') . G f , R T I M £ ( JAY*iT) 10 1 • 2 5 

25 PRINT 91 _ __ _ _ P-' 

9i format Tsn ( 1M*T'.'37M'RA5E' times in N’oN-ASCENbi NQ ’SEQUENCE) 

1ERR0R=-1 

■return'* 

1 0 1 CO NTI N JE 

IF(M.tb. 1 ) 1 097,1096 

1 0 9 7 R R I M T 1 0 9 5 _ . _ ... ^ 

10V5'FDRNAT(X ,53(''1M»Y',“32’H 0N"V ONE BASE STATIO'N IN FLIGHT) 

1ERR0R_=-1 _ : 

RETURN 

1096 K = i 

^ = ^ 

33 IF<FTIML(K) .LT.BTIME(L))?6,27 02 

~* c*«* cX’TRA^hLATE'DRiFT B AC<^A ROS’* TO' CC)R’REct*“F i'ELD REAblNG PRECEDING FIRST RaS 

C**» FOR [USE niJRNAL _ _ : 

26 PRINT 90 . S T AT I ^^J( K ) ■'' " 

. 9n rOR‘U.T(inu station ,F9.A,?6M read OUTSIDE rase DIURNAL) _ _ 

= T n X ■) ■=■*- E T (V) ‘-Tj E T E T (" L n * ( B.t I H E LL ) - F T I ^ E ( K 0 )V. ( ft T THE ( L + i ) 

^ “ lTIvf[.. (L)) “ . --- . ~ ■ 

“ ■ .nRYF(K)=nRT(_)-(0Ry(L*l)'"0RV<L))»<BTlMc(L)-FTlME{K))/(ftTlME(t*11"8 _ 

ITl'^t^a. )) 

7( .<)=pR(^)-(3R(Lfl)-c9(:))*I9TIMt<L)-<rTIMEeK))/(P.TIHE<L*l)-eTIMEiL 

1 ) ) 0^ 

r-'fk.T'o. N)‘3'2,31 -- 02 

3l K = < + i ^ 0^ 

"GO^TO'33 ■■ ' ”".v - - -- - 

27 l=_ + 1 _ 0? 

36 ” 1 F ( [ 1 i ^ c ( K 5 . ;i T . fi TIME(^))55,3 a~ 

C«»* INT=R=0.ATF 'OR RASE PIJRNAL CORRECTIONS TO CO RRE CT FIELD R EADINGS RET L'E 
C « ♦ • RASE R f: A D I N 0 S 

34 wETr(K) = wLTi-_ )-(WET(u)-*J = T(L-1))MRtImE(L. )*FTI^E(K)) /.<BT IKE(L_)_-BT !_ _ 

— 1M=(l'-1)) * 

r»R y[ ( K ) = OR Y ( :_ ) • ( OR Y ( L ) - OR Y ( L-1 ) ) * ( PT I ME ( L ) -FT I ME ( K ) ) / ( BT I ME ( LJ -BJJ 

l^Ea:-!)) 






original 

OF POOR 


page is 
quality 


DRiri 9Y mean slope TECHVIOUE ANn CALCULATE 


ni'-EvSIOM STAT10''J (5*>)|H3UR^ i‘ 50 ) . M I NS ( ‘30 ) . PE AU I NT, {50),TEHP(5C 
I'l T P. = ( s>C ) , I A ( ) , I .<( 53) , s._r^>F( SO ) . VALU( l»0) , I AUMF (50 ) . S (50 > , I 7’ 

?J ^.!? > • 5 . 50 ) , rP'jr. PS\/( 5 0 > ,lll. ( ) . P_I l- F( sn > I..l CjU^JJ 7 > . 

5 CD\'ST ( Vr .7 0 )', GPA;V>L( 1 0 , 70 > .wXY( p) ) ,AREA( . " 

l.Nr 4 'Ur, I ^ = 5. lNUAlM,CONST,GPAVyALi.T«U 5 PAV,ftPAV.i 0 .lF-r. 
n =MP,P = aHI M 3 i li:?l rj, s, WA*. J,ST;.T I-JN^SLOPEWHOURSiMfviS^ ITIKI?^ lA. 18 . 


^0S"'C0NTAiNiNG" CONSTAN DATA !N INCORRECT 0 


Do 'ini J = >',7 ".'P-', .■ 

I^( rCCJNT( .i-1 ) * V-.'E'J . 1 CO JNT( jV)+9i'ri9^ 
r.lMT PiJt - _ - ■ _ 

Go Yi iVn ■ . 


‘V Tvs T ■? j M F \ T " !) A t’ A . F 0 R‘"Y E ~ P a R H C 0 L a 
A^E'A (?)',-iVlIGUT, IPay.vONTM, I YEAR,m_E 


-f'l :Yf TVr, t’-v'r'i f 1 5 , / A ( 2 ) . ! - L I , I CA Y , MONTH , I YL AR . METFRNO , 

ET TYPE.’J 

D5»/a 7 ( //■/ /lx , 2A4 , Trf, 7^=“LI Sht , A3'»3X, .TI 3, ?X ,6HMETcR Va6 . A1 ,3X7 

IPHSCAl E "ACT_0R,_ "9. 5, /) _ _ 

? ( MET ['y^E . Nt . ,*anD ,'j , _T .0 . 000009) ^00 I A0{ 


omG\NA>- 
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:i;--4t)Q P^U.'T <n?. . . 

“■''‘40?^ rD9MAT(X.53(lHi) ,i?H NO '^ETE^ CONSTANT) - -- : . - 

‘ 1 = ^KQW = >- f ~ ' • " ' . " - ’ 

" ■■ ro fn iTs - "** 

2 f5.9\ ’^'^'^ = 0 _ 

I!-' FIF.n S^Av'MY OAtT' " ■ ' ” •'”*/ : 

21_ 3..P5MJ V3.ST JT fC‘J. IHOA^S, ^iNS-,nJA0ING/T1JMP,lO0P ^ i 

. 99 F‘0^»'£Kro.'i.?I?,-6.2.F.^.l,51Y,A^) ■* . 

= ^ ( I ?(}3.CQ . ? . ■ ■ ■ - - ■ - 

( L . (? T , 5 0 >6 6 ? V r ^ ^ ^ . _ I,!-. 

6 5? P-?fv.T S5 4 •■ ’ " 

''.T ( X ■AO^z .50 _G9 AVIJ_Y _5FADINGS. I N ^ GMJ ) 

~RD 7 0 17*^ 

1 s r A T I r^;_(j.. ) = s T j T n N 

. ■•’? r i.TT\‘ :i ( J r= I'Vr, ‘ 

-■-■ 7EHf»(L ) = rj/3 • • - • 

J‘. ' . Hi'JS(L) = - - I 

i 1 K-= ( . ) = I ->3 JSS( *6n*-"{*vs (IT ■ ■■ - ■■' T' I 

1 r«*. CFJ = ?k vj.icTHr'-^ v = T£P LACOSTE, Jf SO LOCATE METER DATA. CAL CULA TE 
1'^ P-'ElfY^F.t'j/l H.>T9>7n? 

1.8^ I=1,10EC< _ 

ir<M = T=RNO.E')./xY{ 1) )iA5,'ie5 

Ib5 nONTir.'JE 

''■pR‘i>rt~i84 ■ ■■ ■ 

184 rO9MAT(X,50(lH») ,35H LAOOSTE GRAVITY METER DATA MISSING) 


I E ?»ORr-1 

178 read 179,1^0=’ _ 

179 rORKAT (7?X,A‘4r 

IF( I^rja.EO, 4 he:nd")10?,179 

l96'AAA = -?ijADlN3/l0n. 

JJ=AAA 

( L ) =T/'<lAy V ai_TI . jjM) + ( AAA- jj) ♦Too , *’CONSTn~rjJ*i ) 

GO TO T _ 

CiV* 'c'ArDL'LATb fi^A'/lTY FOR M E T r RS" I T H COnST A G T ' SC ALE ' F A CT OR 

-- 160 ORaV (I.O'^RIIA-.) I NO »0 __ 

•T* “ ' ’ 'GO 'i 0 - - -- .- 


O'T •653- T"Jtr'.L-T-r:>-H O'OO-, . . 

TT lb 01; 0>IN? ‘-ri_ : ' -•- 


inio F0R•'AT(X.50{l*^O ,33H I = 53TMiN TWO STATIONS IN FU G T ) 

" -1 - =^"_. 

-----Gj 70 10? "' ■ ' " *■ '- 'J; 

— ioi"nn 330 T = ?rL* ' . - - 

iTiMf r^l ) . GE. in «<£( l-D )33?*4 i5 .. 

4ln- F0 ^»;a 7_( X.5TM-* > ,3 7 4 '5T A 1 1 Q.V.^T I M ES .1 N'~NCnrJSCjWrf«' ^ ^ 

■ GOTOlO?’ ■ - ~ 

"'330 TO '-'I’* JF ' 

c«#» Cm = 0k and A"ijjST any yET = R RESETS 


M = 1 7 T =1 

5 I = ! * *i _ _ - 

■ “ I ■ ( I . E 0 . L) 5 . 5 

R j=m 

I F 'rST'n ! 0 M ! ) ; E1'. STaT I ON' ( J) ) 4 , 5 ■ 


lo 0)0 oto >- 
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I " 4 1P(;^5S'’(G«4V< J)-n«AV( T) ) ,3H, 3)6,5 ^ . 

6 AAs 3«AV< J>-:;HaV( 1) 

p=^; kt 96 . STAT io\j( I ) , HDj^s( 1 ) ,MiNS( n , AA ; C 

1* 98 mvAT (17“-I ^VSEV ‘ Ar'sTAt'iON,n O'.'aTiB^ I 'IMEDI ATELY AFTeR. I3-, 12*. 0 

. l3^ C",'8.3.inH MILU13A.5) _ 

i HD 7 K'=J.. ' ^ ' * ■ ■ “ " ■ 0 

i — 7 0^ A V ( K ) r 3^AV ( <) - A A 

ro 7D~ r’ ■ ■ ■■ " - - - . . 

j- ■ ' ■ • o]sn* . _ - - - -0- 

I c«*«' SF.T'a.L I a"^D~FR 3' "0>'~TjY= “late P'Tn“ checking'' 0*R tn CURV^"COMPLF- 

I 0 •) 5 1 0 L < M n 1 , 5 n _ . 0 • 

I ” 110 1 A ( L<“‘. ) = n ... ... - - - - * " 0 

C** » CALCU_ATE ORIFT nR ALL D-^IFT COMTROLlEO_ PERI0DS_ 

. . 14“ 1 = 1*1 ■ ” ■ ' " - - Q 

’ ( \ J: 'i J 10,1 X _i j QL‘ 

, 11 j= i •* 1 ■ “ - ' Q. 

16 I'■(S^AT11^■(I).E'J.STATI^^J(J)>1?,13 - - 0. 

.. . 12 IA(^-‘1 = IT1K=('I) ■ ' ■ . * ‘ ' - ■ - ‘ 

•• I ( V ) = I T I K = ( J ) ^-7. , - .. -- 0 

■ GL0f’?(M)s( '?RAV( J)-3RAy/( I ) )/■{ ITIM=( JV-1T1M6( IT)’ - - - -* 

M = M ♦ 1 9.' 

i oyrvT*i4' "■ ‘ “ 0 

1 3 I F ( j . b‘ l . L ) I A , 1 5 0 

15' J= .i*i ■ ■ ■ ■ 0 

0 0 T*> 16 0 

To' IF(f".h).T )10n6.'l00 7" 

1006 PRINT 1008 

1008 ■■rDRVAf'(T,TT(THr ) ,27 'h oTIFT CO'^TROL in FLIGHT) 

1 ERROR =-l 

- - p^.j -Qj, 

C*** CALCU.ATE VAlJE RRT first station - 7ER0 OF ALL POINTS IN FLIGHT USED i 

Ci^»' DRIfT CONTROL 

1007 VA_ii( 1 ) jO. 

“i’a f i M I- (1 ) =Ta ( 1 )“’ ~~ 0 

S(l) =SlOP“(t) 0 

Jz> !<s |yr? s IT = l ' - - 6; 

.36 I" ( I A ( ji , 'r ■). n ) -^30 , ?n — - .. : o~ 

7230 K=i ‘.S>„T':2\ . 11 IJT'", 

1 .231 K = .J .... __ — 

» - ■ *' I7'(K ) = Ia'< j> ' ~ ' ''—I" “■ ■ "'77 : — q- 

. 1'7 . 1 = 1 - . ~ ~ 0 - 

» r - 23 l-(l7(<).f,T.IH<I))?0,2l “•■■■• - - “ "■ 

= I - _ ■ __ • - ----' . . ■ ■ ■ . .. .“Tj 

' .-77 21 ir< I .E*3. j-1 )P2, 250 - -- . — 

250" 1 = 1*1 S GO TO 2 3 ” ‘ 0 

2? I A T I --L ( I y 1 - 1 7 ( <) 0 

: VAL'jn o = '/ALU( u-l) ♦( 1 ATIMEMX) -1 ATlHEMX-1) ) *5(1X^1 ) 0 

: I“flATTM=(Iv).lT.lATM=(lK“l))3l5,?6 0 

t 2 6 G = (' 'I . « R ( 1 ^ ^ i 5 o' 

{ C*«« CHEC*' K-<ETM = R AVY I1RI-T OO'IPONE'.'T greater THAN 0,15 KILL I GALS _PER HOUR 

I 1F( aRS'(G) .GT . r . 15129, 315 - - - 

! 2 R L T I »• = = I A r I M E ( I X - n / 6 D 

• NTIn-E ■= lATlME(IX-l) '_TIME • 6D ■ " 


S(1) =SlOR“(t) 

J-> !S |y = 9 S IT = l 




-V.t*- -. (5 3 T 

25 r:<(K 

n M 

!=■< \ 

2fi S( I > 

>in _ J ; ( I 

r; 0 • « C n f C < 
?17 H= f- 
■ f*0 1 

JA^ = 

no :< 

1^(1 

3T3‘‘ n'oNTT 
310 H= 6 


0 ^f; 

) = 1 R( K 
T -1 

T . =0.0 
) = (S( I 

} ! V t f 

■ t'h 
T 

0 no 

J-2 

;<3 1=1 

1 T I M = __ 

1T- Je " 
n . M s ( 

^S= ( H) 
Ml = 1 

«l = 1 
,T_ , H 

Af( "25H 

; ) 

0 ;<5 " 
I A( J) . 
'1 X * 1 
MIX) = 


TJa:^ ■ ■ 

-LM' 

1 X)-S( IX-l) ) 
i GT ’n . 175) 31 , 3 
ATIMP(!XW^0 
AT IMF (IX) -LLT 
, LLT I MR, NVT M 
'CHAVG=“ lNi“6>I 
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'ILTIMC = *I A"T IMF( lXV/^-0 ‘ r 

Mv:i I yp = !atimk(ix> 6q' *- . .... • - 

■•-- '- n'UM^HQ.ri.i.Ti^-.NTjM?, j.jjMf ~ ~ - - 0 

. " " ao* > 0 vViV T ■■("'<;-( "s L 0 -»c' * 0 F'/ F 3 , 3 i 2 3 M .'ilLLlGAL PER HOUR FROM , I 3 , I 3 , 3M TO# — 0 

- , 113.13) 0 

■"■■■ 315' ! *"(v. I) ?4 , 25 ■ ’ ” *" ' .. • .0 

. : - 2 A iT=n*i _ _ _ .1 -0 

1 >: j = ( S( 1 ,.T ) I j -j ) ♦?; 3aH( j) ) / I T ‘ ^ . - 0 
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HD Tn 102 , " 

^ yp 1 = 1 f j = 1 _ 

}. ‘i6‘! j'm MrrrjvrT/rAti^^u^^^ - 

5 J I "( 1 T MP( n . . *uTi ' 1 - ( jn. 5 ?, 4 3 

- — -44 P^PT 7n,5,TAMr*v (I) - ' _ .• r, _ 

>4<“r.Vv.M;(K,0‘'(i >i*> .64%.-: 5TAT13'J.;i ljj.4i'21H ^ref'U^^irT CPN'r«0L’LEn)..’I' “ 

p •- 

! ro n 1 0 7 - - ... 

_ J2 J^1 . . 

c,o t:^'46‘ 

_ 4 ^ |V.> f f- T ( J ) = ( J ) 

m 1 4 9 . ■ _ _ - . . - 

i _.lo. r:4.i7_.<..=j • * ... 14 - 

! - -yr I , J r^r j ^ ^ , ~ -y • - - • • 

' _ 47 f.:rji 1 'j JR _ _ • 

r.-^ifT ( 1 )= AL:J( j-n ♦ ( 1 r 1 'IF ( I )-■! AT iKE( j-'i )V*S(’j''-*iy . 

! ^..^9 I f ( J . O . '. ) 5 1 , 5 

’* '‘50 1 = 1*1 ' 

m TT 46 . 

I c«»* Wr-'^'Wr Apatf^y I Arf= "ow I ~T "‘^’om'e'ach* oWE«veb*’6RATf^ 

. 5l HD 4*^ 1 =1 , _ 

T ■? .!(; 5 A v' (‘ 1 ) = :j ■} A 9 ( I ) - 1) ■> i «■ r ( I ) ‘ * ’ 

4R Cri\T!\'JE 

■'1 = 1 <j=i 

5? K = 0 “A S'JM S 0. 


ro 11 1 N'. = i .'-N 

I p ( $T A T lnv( I ) . ?'}. ST A T \|l. ) ) 60,lii 

111 nvjTir.jE 

••"CA\.au_A TF'mEA'J TyAy/ITY ^A.'jF ^ IR HULTlPLY REAI) STATIOMS 

57 !=• ( ^TATI0‘J( I ) .Fl.^iTATnvj^J) )53,54 

”^y S lxU"RAV{J) 

K = r*l _* __ 

“54 * I " ( J .'b 0 , 1 )’ 5 5 6 6 ' ~ ^ , 

56 J=J*1 . • *_ ^ 

' fi'j TT -j?"-" -:vv-_ri; r..”-.^"Ty : ‘ . 

AyiPAV =^r':/<’ . v*_' y “ — 


62 I“(ST/.Tnv ( I) . E*). '^T AT I DN( J) )5^» 59 ______ 

50 n I S’ F-( J ) ■ = T c J V / V ( J 1 - A V 3 ^ A >/ • ' ' ^ 144 

I_ T 9 .J 0 ^ 4 ( J ) = A v' S S' A - . - --444I-— 

rr D’ *T :) ’ 6?'* 74'” ’-”74T *4 ~ '74 - ' ^ 

60 >‘5,6 4 ' - ^ ' • - 

: 5*4 j = 1 ^ ! = 1 * 1 

TT 52 _ _ 

: 6?‘ p% r- • y^ 

7l f 0^^'AT (.lA,b-< si aT ; 3\' . 4 K I 6^ r.RAV 1 T Y , 7X . 5»< T 1 M b < 6X , 6H pp 1 FT , , 

» l" 5 V U I V ■ P - — • 

[ c*** F0>{ FAC-f 5TAVI3VJ :a.CJlAT= CALCULATF. GRAVITY DIFFERENCE FROM FIRST 
f *A\*SV=- = T^:3RAV(i) 

I HD2'111=1*L _ _ 

20'i”T •?■|^RAV(■I ) =TR.J'1RA\/( I )-A'J3-^ER 
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6^ 1=1, L’ - ' - 

" 55 P^IVT 70.STAT I 0\C I 1 , J3^AV( I >, lMnUR5( 1 ) ,MI\S{ I ) ,DTI"T( I ) , nirK( n 

; 7n rn^*^/T(x.no,A,4’',"rt.'2.5<.?n.-4x.rfl,:?,4)^,rBi2> _ 

- “ r f = (*i 7 ,Tn 3>T 'A-?ci(t)'. AJrAC>!i,irLlGHt,I0AY,M0STH,!Y = AR.MEtF.'^*N6,^ = 
":;^VlTTYr5. J.- - - ^ . .-- 

:i«37 AT(9A4,A3, , A'j.aj ,-5,?>.-13)..'.. ' -t"; r 

■ •• .* w -V n 5 ( ^ 7 . 3'“ i'i ) ( =; T *. I !'-j (“n . T R jr,R A V ( 1 ) , M 

*ir3B M(6(^ 7 . A , r* ) 

fo 7D 10? 
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1"(KTR.GT. = 2 

?12 ir(r,' = SJLT( <T-^) .L = . - 9 .il O) 2 ni,? 0 ? 

?0 ?_1 ' i \ -I"' . \ 5 , ? 3T _ _ _ * 

“ 2 Xn f'cV.n n -^Vl \i ) i > r V 1 r , aTXt , AL0\'rt7ELfv“i GRaT 
K- (rU“, l\)2.13,2'J< -- - 


; r.n TD -'^?,T> '; . 


7 -ru 70^,205 

?Q( :rMST\if-i ST )2D7,;n'''.?05 


c « * « «. • II 3 lU T t R ^ C ’J -? I) 

208 ! t* ( I . R 'J . r*<MT s ) 209 , 21') _ _ _ 

2 0 0' T.T9 ( I 0 JT , 1 ) I STV’ , I ST \7 , Au at , A L 0 '<GVR R S uC T ( »<'t» ) /GRa'v 

T*) ?ni- _ - _ - . _ 

210 WR iT = { LO.jf', l-^')7-;isfNi , ! 3 T \J2, ala T, ALO'jG.ELEV. RESULT (KTR) 

' G *) T “ 2 C 1 


T/ = = "39 9 = :3WU-1.'J CORE 

- 20 *^ rr= ( M , 1 2'j-i ) I STNSd . < T 9) , IS! MS( 2 .kTR) 


1205 RHRJ'aK >*.‘j'u ) ,29H\0 9 = :0R0 D'4 FIlS for station ,*;X,AA.1H,,A4) 

1F( IvrjGH.R'j. VRJT5)?15.91A 

"214 WR I T r( I 0 JT , 121 A ) I STM>( 1 , <TR)“, I ST‘J5( 2iKTR )',RFSULT (KT K ) 

1214 F 'JR»'* A d A 4 d 4j_» £i • ? ^ T !1 ■I Q.f’ > f -999 , 0 0 J'A._2J 


fO Tn 21 A 

215 1'RIT=(10JT.1215)ISTNS(1,<TR),IS7\S(2.KTM) , RESULT {KTR) 


1215 f 3RMAT ( A 4 . I -f. » A4 , 2( IfM - 9 9999 , C 0 ) , FR . 2 • 8 H -999,00 ) 
_ KT9 = <T9^i __ 

"IF(KTR*.GT.I4ES)234,235' ‘ 

2i4 I 4_= 1 

f' < Ir N 0 . E H . 1 )' f n 3 ,~2 20 


235 l"(F = SJLT(<T9).L = .-9.=n)2l6.3n4 


304 l'( I=rn.EQ. D2T5.204 

crjs-^pr) !v C 7 R= *09 9 £: 39 D_ 0‘1 TAPE 
■ 2 0 7 "vM I T = ( 1 1 ; 1 2 j ; ) I s T N 1 , 1 3 T M ? 


1207 FG9-4T(X.5'‘'( • -•) ,37h\ 0 3ATA T3 J = 0ATR 9R CQt>D FOR STATION! ,A4,lM., 

IATa) - -- - - - 

■ - ~WRJT = ( la.lT*. ) IST\'i , I 5TN?,AlAT, aloNG,ElEV.GR^_ ^ 

n 3 _i:i 'id?,. ’ ” ^ 


ET-;; ;v CORE CD = r ARRt 2 _'^J^ENO-j:---*-L:— “ 

-~2 E aT { ^ V ,r 1 w 5 9 } • S T \i 1 . 1 S T V 2 , a l a T , a‘u ONC i , El r V . GR a V' “ " “ 

__i\ . . IF .(= 0 - .Isw :- 3 . 27 n . • . ; 

2 To v: -> fir I * u j T*, \ l i*>*) I 3 T \ 1 , 1 § T s2’| A l a’t'.'a l’oNG , ELc GH A V . 

Cr'i^ — 1 f < 1.R, » Cf. 1 ) 3 . 21 1 -r . . , . V 


----- „ 310---RlTi^-M.l?07HST^^j-,!5Tv^_- 

*^“20 37 ? ■ _‘ 7 ' 


GO TD fi3 _ ■ ■ ■ 

~z T-Ea'tf '■*T[7--CF' RrC'-DS" D^"ST'^‘‘'LAT-YD^G“UE!nUT GPIVTTY” 

c FD9 *'aT A4 , IM . , / 4 . 2 “ 1 ' 1 . 2 ,2F8.2 *« I T H -9<^... UHRRE f- 3 DATA 


T . ’VPJT ’’t = = -Sac- tilE 3\ uU T' , 0i.lT"LT'3N LU'IOUT' 

C p E A ;, /• 9 1 A 

4T7J9 I7E( M . 2''*)’ ) -A9R_; I A5Ea:D 


200 


2 r-'9yiT < 1 -^'' . d 47-i9=^ j_TS J5ED TO CORaTE A_F!LE D\ TAPE MA-E/.X.20A4 

”T7'/"7'.W72-i ~I_E C9EFTED 13 N a ED »’ / , x , 20 a 4 . // ; X , 5c w 'TP E'TOLIOW 1 NG ' F I 


2LES ^’t^E O’- ’A = E P9ID9 Tj LaT = S 


EATE) 


f'l T3 20 51 

2P52 R r TE ( 41 , 275 5 ) .A 3E. 
T 053 *r jR»‘AT(x’, 2 ^i 4 )' 


1 
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in 


?0/ll/6B 


2C51 

■/n 


p=An( I M, )LiB=L 
1 " ( 1 . I *j > ?0 5) , 


1^(1 . I > ?05) , /T 

■/n 1 a A.'<?L M > . rtJ . MLvfOS ) , A1 

“a i^Ki \ T vr? h JT Vl 'j 3 (- ) I A ? i J . 

I <2_ Pr AIJC I i6 ) 1 srvil , 1 N2, ALAT , Au3N(j. 

p " Tn 3V> y j -) M a' t ( V< i V , A A , ? r r. T . ? , 2 " -J p > 

1 f INJ) AOi I A02 

* — ‘il'.li o‘ vr y Z i t'r\ 'iT I^TMO’.AtAT Ain 


ELF.V ,Gf?AV 


y 1 » 1 1 . i M J IJ i I •’ 1 ) <’ 

"A'02 X'VlTri rOJT,lJ^5) Ism , 15TN?’. AlAT.Al.o'NGVEL'eviGRAV 

nn^T*) 4? _ _ _ 

■'a jY'T Vr.ni' =' Tb jT' 


I .i u y c 

*38 lOMT, ir>n’) ik^Sf.z^ 

.r^ ^ ^ L- ^ 

"if {’k = S JIT ( J)" 

46 


lf(k = syLT(J) ,'_c. -9. = nM5,<6 

46 !«■( I'}')?iH.F^.3RMT<?)4/.4H ‘ 

4 >'*■ u ^Tf = ( 1 o[ 1 T Lo' 4 T) "i s r m s ( i , 7) . I p t n s ( ? , j ) , r h s u l t ( j ) 

1047 PD^KAT(A4,1H,,A4,i?(l''H -999 99,0 0) ,F8.2,8*< .•.9.5.1 

■ *fiD-*n' 45 


46 «RIT = ( lOJT ,1 )40) ISTVjSd, J) , IST^)S(2, J) iRF.RUUTt J)_ 
104 8 r .O-^PAT ( A4 , IH. VA4 , 2( -990 99.00) ,Hh -999 , 00 , F P , 2 ) 

A c: f* ^ \k^ y K. ir 


4Ji_ CDMTUiJF 

'FVof ilV Vb JT 


W9IT = ( irj^. II’SH) 


%r ■ 9 ^ ^ \ ’ 4 

To 5~8“ r o‘r i'\ V )■ ( t> u d H A> . > 4 M 

KEJi'jn iM 
PE’ijl 911 '^I D UI 


W91T = (M , ?,*14 n lOJT ... 

1049 ro'^i^AT ( X . 1 i^wbri I 3A. JmTT »I3,3X»2tHlb LATEST O'iTPUT TAPf ) 

F^n 
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S J^^'IUT 1 \iF L:A5T>Q - 

ST FDR .?iOn AND FD^ 1200 P^^OGRAmS OVFRLAYED, 

c lNjp!!f fvnn= lists avo ORr^.wiZE ivto so^tfo ust 

"C I1^1 = RDVl. D 'r.fTEC< I vG FAClLlir SHGULO B= INCORPORATED L AT^H^Eu'CHEcK FOR En'Dni] 

- r^MF.VSlON AM AT ( 7P6D ) , RR5( l?n . I ) .... ' 

” • fJUFv.SION . , ;«( SOD) ■" 

~ VSIOV VO iEG( 7 . 1J.= mpa( 2, < 0 0) i TEMPC MO 0 ) , 1 T^f'=*G < 2 MOO ) 

~ '-F VS !ON ! T-:m( y ) , RFt,Svf 5( 100-) . aiFf( ?00 ) ,NSTN(2(!0 ) .PSTN(200 ) *■ ' .“ •. 

= ^rJT— 7- -^i^Fvs-lOV )CARrv( ?Q) , jsTV51(2).“IST.NS242>. • - - ;• 

“ ^ - nr'^/rVJSTON 'RE?JLT(2DCi). :3TNS(?^?noO)--*‘-“*‘^'’“* 

CO^.--")-. ! ufHOS , : vj . n J) . M=S . I VDG-i , amaT , L-; _ _ 

r-ojiYA-.rvf:= (!tc<t,ndu=5) 

' DlMf MSION 1TPXT(20) _ _ 

n I 'I L '.Ls : 7 ^ ( -5 n 1 

7 -.- ' FO.fl v/A_C- vc= ( I T = -<p A , A ^lA r ) , ( TF^IPC , AMaT ( SHT n , ( I TSMPS/ AMAJJ1201JJ. 

^ .F.'D.l Ua ,F\C= (RTS JLT ,AMAr(?nof) )»( !STNS.A'-'AT( 40(13 )) ' 

-c***»— T’-IS LrAVFS 5Tr--« = A AVO T9MPC AYARARUE AS SCRATCH ^ADS 
^£;,,.,..ARRVAY5 vnT COVS ISTcMT -.-ITHR tXEMSFLVES. DIMENSIONS SO* T O" ENSURE NO“OV 

j; = I rRt-ORsO ' _ _ 

C**'^haS= 3 . IN = UT node i)ATA .SORT ANO' OUTPUT 

wRIT = (f)l,115l) 

i’nyi f ORP a‘t TlHi', 2TX . 3DH.EA5T '30UARES ADJUSTMCVT PHASE) 

P = AP(6'*,inDO)\IAR = A3,VOD = S.‘JFIX?n,UATUM,nPVMAX,ADJMAX 

wJR I T = ( 61 , 4 do:.' ) VA Rfc AS, mvDOES, NF I KEO . DATUM , DFVMAX , AD UMAX 

4J00JI format (//, X , S4-^NJMRER O’ AREAS TO ADJUST TOGETHER , 4X , I ?.//• X , 21HTC 

iTA_ NUMBER OF NODES , A X , I 1 . // . X • 21 HNuMRER nr FIXF-D modes , 4X , I 3 , // » X 

2,l‘»M-.'ORK TO A datum of , , FH . I , // , X , TO'^ERM ! MATir PROCESSING IF STA 

~3NDaP 0 ofc V I A T I O'- OE apjjSTMENTS greater T H A M , 4 X‘, F 5 . 2 , / » X , ir"M‘ 

4AX1PJM A0JJSIM=NT 3R=ATER T H A N , 4 X , F5 , 2 ) _ _ 

lAOO' F TRt’Al ( I ? , ? II, Fj3 . 1 , 2^3. 2) _ 

_ P=AU( DO , 1 n*'l ; ( ( 1 TfcM3A( J, <) . J = 1 . 2) .Krl , MNODES ) _ _ ’ 

lOOl rORM.AT(2A4) ‘ ■ ‘ - - 

PcAlXDO . 1 002 ) ( ( I TEmpr( J, <) , J = i , 2) , TEMPCM) M_= l_M_Fj x£j^) 

rOu?~rORf 'a T ( 2 a4 , F R . 2 ) — ■ 

C READ ENOLODES CARD TO CH=C< IF CORRECT NUMBER OF NODES _ 

S OKEC< SHOJ^O BE AUEOJATE BUT ’.may RESULT IN NEXT 9L OCK "OF 'D AT A’*~ . 

' aElN3-ia-OH = D. - - - -■ -- -- - ™ - -_L ’ 

P = AC ( 6 0 .l(i n ) 1 TX ; ^7-' " ' . r" .y - - 7 

mo 3 ■ FO i I’ll I ? A 4 ) -- -- -..Fy:-.— --— - '--.L:- 

7F(l riyvr:iHE\“V.OR.ITP7NE74i^ODE5)i;2 ^ , . 

1 write(6i.ito 4]^^ - ... . __i7y. _ -. .' 

L - = ■■iO04“F3Rf'AT(X,S'''{ !-!•►) .15HN0DE OATA-ERROR) - ’J . 7' ‘ .I " 

• J.E RPO^j=,-_t _ ■ 1 _ _ ' U*I_. - — 

N ON, AlyF V ~ CYW-:^ - = S-7 l .J' .:t_ , • 7-- ■ ' 

.. -.rr—:, — - - _ -- - 

! T = *' ( 1 ) = I tem^a M . I) 

1T=P(?)=1TEm2m<2.I) _ 

: Call SREak'C-( item, ITEMSB.nFIxED, iPnsM)"" 

If ( Mf'iv.ro. - : 

i4“Monr.R( I . M ) = I TE^'( 1 ) "“ 

NOOf. S( R. <) = I ( 2) • 

■■/=<♦) 

3 r.ONT|'-JE 

c — C hEC< ;f ALi_ rj/pn MODES ARE IN NODE UST 
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?l 0 



M‘l 5 N\J 00ES-<*l 

Ig'tMH.VE. Ng'I XgnH.? 
W -X i T E ( ft 1 ,"i 0 0 TTm M V 


f , 1 S,?3HrixE0 S'ODES NOT’ MODE LIST)., 

"l ETfiTpyeM “■ * ' 7 "^-. " * ~ . 

RETlJ^rj 

sb'PT ’\ov " i Vr.n \7 ’nr :5 ~ 

SLJ^ 7 i?E.= 5 .N^nD^S.-N^Ui-n... 

SDMT?( mOQPS.N'^EE) 

'JOOc^ l.''i IMP.JT Ax = A 


CA.L 

JJORT rixEfl 

CA.i sbKTJi2( I r = ‘i3:, 1 xED) 

TRAMS’r-:? «'IXEn xiOntn Ta \J3D= LIST 
HD r^l.\"IxEn 

7^' I \)"= I ♦ Vir:?J= 

“'O'b E 3'n , 'I Nj ' ) = I T’E #“3 ( T V i ) 





> = i tE'1Pl(2Vl) 
croR 
R = E" 

0 

‘i xen 


FREE A^J0 heights FOR FIXED STATIONS 


1A4 


) sTcH^CI I ) -OATJM 

ODE LIST heights FOR FIXED STATIONS 

0 0)1 ("n 0 0 E s (j 7<T 7 j = i‘V 2 rrK =TVn F « E e > ' 

fty . OHNOD E L I S T , / / , 1 9 H NO DE ^L H E, // , (Xi AA.jH, , 


N=NFRFE *1 

--- wY]T=(ViVinoft)7rit='^Vo7(7,<) •'jsi, 2 ) ,tempc(K) VK7l,^|^ixEbY . : 

in06 F3 ;?m^T(X_,AA,1H, , A4.Fio,2| __ • 

C CHE'CK that 'nd"ST at iovj' 7on = "T3 Lfsf 'ED~*twi CE~ 

K<< = vjnDES;-! 

: ■ To " b n 7 T = 1 7k " ' - ^ 

■ .t _ IF ^ 77075 1 ij_l K EQ.N30ES( 1 . M l) . ANn.NODES(2, I ) .EQ.NO D E S (?, I*l) )!3n6,5 

507 nDNTIMJE ' ~ " “7 - .. - 

-- IFiiq-H^OR^E^.-liSSTSV^OS ■" ' '■ *"T -- ' 

5S06 RETURN ' - ■ - 

' w'h 1 1 =1 6 1 O •Jb‘rr<ibJ3E ITTl , T ) , vj DDE s { ? , I ) 

: ^1507 F0HrAT(X,53(lH*).A4,lH. , A4,2X,21 HLIsTED ‘^ORE T^AN ONCE ) ' ' 

7_- ' I=RR0P' =’-l --••7 • - -• • -- - - •- . - - 

■nrTT^i-" ro TO 50 7 ' ■ ' ■ j • 

■r^C*«*«’*PHAS= 2 RFAQ flight Data and ’SET UP' CONNECTION L 1ST' 2 ARRAYS 

AMD MHTN f 3 ^ STATION NIH 9 E R S ( I . E . POSITIONS M MODES ARRAY 1 TO 

r*' •“• • • N' m rs ') “/TnO- A-R 5 a'/ “0 K “ r ' 3 ^ ■ '0 5 S H V E D" H r I G H t ■ ■ n ! r f F R E n : E S ■; '03 S T m " A'InTD'"'- S T^-T' 

n#*##.F'JRM LISTLl. DIF^ t’OR'IS .1ST L2 USInR MOTATION CF PROGRAM OOCUME MT A T 1 ON 

5 0 'B KTAL = A3 = n"“ * - ■ 

KT ^3 =1 

Ci'i»««7WTS' NEXT* STATPHENT' pJT 'IN TO DVERCqME PDSSI0LE"SOPT7ARF BUa 

^REHlvn 3 7 

2n‘ Cb\'t1rrjp 

2020 REaD(37 , 1 0 33 ) I CARO 

'ioofl F o'HM AT ( 2 nRA ) ' - 

14 read (37,l30 9)lAREAl,IAR = A2,lFLlGHT,IOAY,MnMTH, I YE AP , METNO , MFTYPE i 

'lu; mcstms” 
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J) , Ii=l ,2) .TEMPC( J) , J«i,NOSTVJS) 


\'N0DES, IPOSN) 


Tv;S?» n0D = S.\'N0UES. IPoSN) 


h1»X,16h: 0'J‘>I = :TIDN TAyiP. //,:5X,-«WNODE.1.1X,4M>JOOE.12X 




iriy1l = 4:5 
I - I y 1 ? = 2 p 
TP jy?i = 4 :? 


• 

TP I x?2 = 2=i 
viSTMT J ) 






(^‘r» n;rj n o 
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26 Ifly?l«4q "IX ** 

I r I X >2s2^5*:n . - 

n r ) ^ ij r a n ) _N 0 n r s ( I , ) , vn_n B s ( 2 ,n) , irivii, in xiPiNo pESd ,h ) .mq - ; 

1 osirrv , M ) . 1 f *i r ?.\ . i n V ? ? 75 i > n j“> 

j^n 1 1 r 3 \ A M X , A , i H , , A 4 . 4 , ? . 2 y I M • 1 Vi , , A ii.fi j. 1^2 •,?.x * LL*.?. ' 

23 ' rovT ! ■■ . ' : 

! 7 ■: ( 1 , 3 1 P ) h' r _ _ __ 

;T512 A7(/,X.5ifrwj'l9 = K .i\BS T-l T he''\l't;'Chk‘ ?'7T< J 7_ ! 77 ~ •_ 

c 'VS! s iC 7__ - 1 r» T fS 0 3 ^F. 5 S tv B. S tJ M F_ LIN ES iWTn-^O O &^S t-TO — I .... 

AND' '7r77L'7’THB lTsT dr *Lin8S*~co7mbctbd tc the Tses. .NdoESU_f 
1 . 5(n = {» _ 

tsl.^4il 

no vNsl * vrf?cg 

no "31 7q=i,<tli ' - - - 

: " V ' ‘Liii ^ ^ ' 7^ r.c; . = 0 . ?o , ? 1 

^0 LMV’L^Js'.O "■ " “ “ ' ' - _ 

_ ■• K T 1*4 s < T I /J ♦ i •' - 

J r ;v . i>o7n2 , 3t ' 

32 •.'->17n‘>l.i:i3)'T.4 ^ 

ini3 r o:;vtT ( X , 4 vETa'0R< 0v'='7“l0WS Tr^aY L4 DIM'3?.00 network SIEBCiH) 

^ ; 


RETURN 

3j. COsJTIfJJE 

' l37nV4 {■) CK Tl4"1 

I »■ ( _3(NV) , = Q , L3( 1 ) ) 54 , 20 

• OUtiVOSTIC AvjO carry on 



6~/i~ R F tTPj i7 1*5 1*7 rNOo'E fn rvTfT^o'oE *s rTTW) 

1 n 1 7 r 0 R K A T ( X , 6 H 'n nj_ • a 4 . i , a_4 h no t_ cJ)_n> e c t e p jr 0 5.TJ? I ® 

irCTIOr, TAH-e)~ 

_I ERR OR 3-1 

" '20 CONT I N JE 


l'( I=RRnR^=0.-1J_47,_3 3 

^7 rTturn 

• ••« »rOsi?T(.- JCT 0" VOR'iAi EOUAS'lONs STOREP AS A LINEAR ARRAY AKAY 

jS= TO 05'AIS T^e' solutions, 'PROGRAM "roR 36 00 "W I LL *NEE D 

**»*.J3 ^AV= SC.JR*:E D = C< 5Y^1\V anQ UsF VARUP_LE C [HcN S IJON A'^L I T Y_. 







I I i 0. i A 0 r 7 7/J 


•m 







I 


ir (V ,GT.NF=?S=)53.54 
53 1 ^ I «■ 1 X 

I r 1 X?2 s2^K0 


54 Anj = HKlG*^TSra)«HEI3^TS<'n-Dirr(J> 
S I3> =SIGX+4DJ 

s I r,x?‘=5iGX?*-nj*anj 
I "( A^S-"( AO^) ,?r, aDjmaxC) 55,56 

55 AnjVAx:=Afj5r{ADJ) 

. 56 U-iIT = (6l .1 Dl9) 'J3G = SM . NJi .MOD[iS(5 
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- 55 Anjf'Ax:=AfjSr{ADJ) . _ 

- ^ 2 6 WiIT=j_6l.l3l9)_NjQ = S(l, nJ 5 . MODES { 2 , M ) , I T I XU , I FI X12 , NODES ( 1 ,‘P! ) >- r. - 

-i™. 5 ( ■)■; 1 r i X 2i', I r i X ?■? ; 0 1 FF ( J ) , AD j' - - . - - 

^ni9 FG^t'AT(X.A4,?H. ,A4', ^4,^2,?X,A4,l-'», ,A4,R4,R2,2X,F8,?,F12,2) 

5n r.oMiiNjfc 

A-lEAvjsSIGX/XTLt _ 

STnu = VrSO^Tf>lT,(2/<TLl-A'1i:AM#AMcAN) 

k*-« IT = ( fii . 1 J2n ) STDOcv' , A ADJ-'.AXC 

;^2n F AT( // , < , 26 JSTAMDa ^0 DEVIATIOM OF ADJUSTMENTS R ,r8.2./jiX. 

X22'«»-=AM DF ADjJSTMrMTS = , Ffi , 2 , / , X , ?1 A X 1 MU^ ADJUSTMENT » 7Fe,2'> 

^ I '( AJJMAXC . 3T, ADJMAX.O^. 3TDDEV, GT ,D5VMAX5 60,57 

'*^60 lS^row = -i ’ - - . --- 


RETLl^N 




c • • •'Vi'R E A n “l .P"’rNi5 To J JS r “EVCH'"FLTGHf OMT oThE 'sfAT" I OMS“ COMPUTED 
_C*****RT least SOJARES.FDR O^AXITY data MISCLOSES ARE DISTRIBUTED EVEN^^ 
C««i**R = tw = EM TM= STATIONS. C'OR MEIGH7S THE MlSCLOSR I S D I S TR I BJ TED IM 

_C«*V*P'^3PDRT nN TO THE Dirf = R = NCES,STAT lOM CODES AND FINAL ‘’rSULTS AjRE 

C^Vt/tTO P= held In'ARRAYS R53JuT AND ISTnS READY FOR * SORT 1 NG , USE 

C** ** • I_T E M 3 A ( 2 , 2 3 0 J A_'j Q_ jj E /^S _.S C_R A T C H_P S 

5 7”"k tTre’a'Ss O' ' 

IRES=1 

C**V«*THIS NEXT statement 3JT I'n'TO OVERCOME POSSIBLE SOFTWARE BUG 

69 IE { EOT, 37 > 2069, 2069 _ 

2069 PCAp(37,io^3) ICARO 

vjrit = {6i,i’'2*^) i:aro _ 

T'y?'S F O r>'a T'( n I ; 2 n H*A D jU 51=0 “ -'rGMT O'A T A , 7TX , 2 0 ftW) 

6 7 M = M = 0 _ 

MA:?KT^I 

" 70 P = Ap ( 37 . ITO-)) I ARE41 , I AREA?, IFLI GMT, IDAY.MONTM. I YEAR , METNO_^MET^Y^e^_ 

its.vosTvjs ■ " ■ ■* *■; 7 * ■ 

I f ( L- OF . 3 / ) 5 . 1 1 3 " 

- “ 113 i^='A!n3 7Vl 0 5 V) "(TITEMa Afr, jl , iVi , 2) .TE'MPCI j'i , j = 1 , N'OS Y*nS ') __ 

IS:an = i ■ 

■ ■ I-IR I T = < f)i , D rn ) I A RE A1 . I A R = a2 , I’FL I GhT , I DA Y . MONTH , I YEAR'.METnOVMETYPE , ■ 

111 - 

■"^2009 FDh-.at ( // , n V , ?A4 , lOH =.!jHT no, A3,'6XV3I3,*6X,a6‘;A1'V6X,A8> 

— _ ^ . . - 

— 5pTo t* Tinx ■. M-t R'^'at 3x75WalUeV ~ " ^ 

- 102 I F( 1 SCAN-1 . r'^ . NOS"! NS> 72, 7l •• / . 

66 I^TAHrA5=<TAR~AS^l ■*' 

I = {KTARFaS.E".''ARFaS)63,69 

7? R)^3.94 

73 I'R I T = ( 61 . 1 121 ) 

in2l lORf'. AT(>,5l(y*-l*),62'i=DS3!3Lc ERRORtT^lS FL.’ OH T i-> A S N 0 NOD t* S TAT] OT 

_ 1.F.I3HT IGNORED.) 

0 0 TO 7 0 

7l TSTNSK1) = I TEMOAll, ISCAN!) ^ ^ 

IST^ SK2)sT T = m»a(2, !s:an) ■ 


■^?nT 0 
- 102 
66 
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C«« • • 
c • • • » 


c • ♦ * ♦ 

c«« • • 

ei 


c#««^ 


B4 

c* <* * ♦ 

1 00 


2006 
— 78 
77 

C • « • « 

B? 
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ISCAVJzISCA'J*! . -.v-r _• ' - ■ -1 — 

ca-_l s>fak3^( ! st\»si , '4DOr57'^MOOFSf fPo5w) - T~"“ 


1P<I ^f)S\.F3, -1) J.D2, 7<J . 

MA?K?=ISCA'4-1 _ _ ' ' _ 

M»IP3SM 

“I*(M,F7.0) 75:76 - - “ - 

1 V T V S = A ^ ^ A 9 K I 

T\id“'SFT mVt"TheV ' c7M?7Yr rlf'fwFN TO 67 TOR REST Of fllGHT- 
I'4 WHI:h cast- ?NTfc-i ONJ'.T THE VALJF 0\'CE IN THE LIST TOR SORTING 
'aDjlST' B = T*^EE\ TWO R T D’ 5TAT IONS UNLFSS"AnjAC£N7' I N FL I'GHT Tl ST 

1FJI\1T\'S.E7.1)105, 3 0 ■ _ . 

nvlsCLiHCi ■JHTS(vj)„^£lSHTS{“M>"TTEMpc'(MAYK2>-TEHPC(MAHWir> 

TEST r^R ora\/ity ns heishts 
TfT { Yd gh7 f. ^ R H‘T S )'5 1'V 3 2 
ADJUST FOR HEIGHTS 
'SJMDrFrO; " 

DO 83 <K=1 • I NTVS 
JJ=MAR<i+K< ■ 

S JMDIF = SJM0I F*AB5< TBH3:( JJ)^TEMPC( JJ-l) ) 


I AOja] \JTVS-1 

PJT STATION AND ADJUSTED RESULT IN LISTS FqR SORTING, OMIT NODE S 

"this stare " ' ■ 

SJMAnjsO . 

'no "8 4 <K = l,rADJ ■ ■ - . - -- - 

JJ = HAR<j,4K< 

"i s' T N*S ( ■{ , 'I R E'sl = r TTm' 3 A ,-j j ) 

JSTNS(P, IRES) e ITEM^Af 2. J.J) 

ADjv'=Ass( tem'’C( jj) -TEN3:(jj-i)'') *ohis'cl/sumd"if" 

S JMADJ = S'J^*A0 J* ADJV . -- 

■Pc30l7 (TSrS ) SHC I RhTSM) ♦SjMADJ*TEHP'C<JJr^'TEMPC(MA^ * ‘ ~ “T 

TEMPR( JJ) = RSSULT( I RES) ■ •• 

Tr E's = T R F s M . - YY-7. 'T.'.' 7 . ' j-v^ 

»••»«•» V • 9 '* 7 . — - . ••r - - ■ — • 

“t E m*p 3 ■( ^ a'r k 1 )"s"h e i g'h I s 7 'i )’ V — 

TEmp 9( MARK? ) =H= I 3HI 5 ( N) - ' v 

■‘0 J T P j T F i I G-h T R E T W = E N. T w O' N 0 0 B ■ S T“a 1 1 O N S . . 7L:-- -_r-^ “ - - 

MARKn=MAH<l^l 

~ 11 E( viT ? i‘0T. rTfrrr?3 *7" 1 7Jn‘iTiTY5TT E M p R“( -j y'.“j«FA'R )ci*nyA 

FORHATiay. A4 . IHi ,A4,1 OK.“10,?> y * ‘ - -:"V- ' V*-..- -i> 

MARKl r'^APK? 

GO ‘TO 10? 

ADJUST FOR GRAVITY 
■TAO’J=I'NTVS-'i 
S JMAOJ=n . 

*A0JVrDMl SCL/1 NTV3 

DO 85 <K=1 . I ADJ 

"JJ = P.AR<1*K< ■ 

ISTNSd, IRES) = ITEM=»A( 1, JJ) 
rs 'f N ST2 ,'\R- ST= 1 T E M 3 aT 2 77 J ) 

S*JhaOJ = S JMADJ^ AD JV 

P = SU_T( I RES ) = HEI 3HTS( H> *5 JMA0J*TEMPC(JJ)-TEPPC(PAR><1) 

TEMPR( JJ) = RESUlT( I RES) 

IRES=IRES*l 
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00TDl0f< 

c*#«« A0JI-9T AS '-AST STATION NOT nx = D,AOJUST FROM MAR<1 

c**«* TO ISCAN-1 I\ '"lIC'IT STATION SC-OjRN'CF i AD JUST PV ADDING CALCUL-ATE0_ 
"C*«VV"TMVt*S “0'?fV'rTv''4r) VALic' 3" 'OOE S T A T ION 7 3 ' THE RH A I K 1 N3~S tXT I ONS* ’ 1 n' 

C««»« THE __ ■ 

1 VTVS= ISOAN-1 -'‘AHKl - - ' - - - — - ^ ^ 

3* J‘‘<lNTVS.t3.n>f7,n? _ •'ZT1~'^ r'- .C:" 

i'07 >URK?rlS0A '.-1 "■ ■ ■ "" • ' • V.. 

A D J = Mt- ! (; -< T ( N 1 « T - ‘1 3 C f A ? < 1 ) 

~"~n3 t'} <K = 1 . I'nT y/s 

JJ = KAR<3-»K< 

ISTf.Ed , IHES)='1 T = M3A< I, JJ) 

I ST ».?(?,; '.’r? ) = !' E.v^A d . JJ5 

PESf’.K IRl S) = TE'-!=CdJ)*A3J ■ " ' . _■ 

T“'^r'T>( ;ji =R = S !.7 = S) 

“■=^8 & "'I =>r S 1 =? E S ♦ * - -- 

•~ T E ■•< P H ( V, A K 1 ) i H E I S H T S { N ) . -- : _ 

HARK i 1 sK- A*?<! *-l 


c*~« • • 
c**»* 


‘ i ^ ^ H \ i i, 

UHIT = (<.l,?3nt,) ((ITtv3A(!,J),l=l,2) $T£yP^( J5 , J“^'■ AR<11 , HA 

CARRY ON T3 the next "-ISHT 


SK2) 


C« • • • 

”c« « • * 
€•••* 

'75 


106 


"57 
1.105 


ro ■t"5 ‘5 7' 

ADJUST RAC<aARD 
M A R K ? s Y adding 
AT ^AQ<? _ 

I NTV5 = haRh2-1 

IVTYS.E3. 1)135, 106 

A d7= h e i’g r 5*( N - r t H 3 0 ( H A R < 2 ) 

r>3 87 HK = l , INT vs 

lSfNS(l,IPrS)=ITEM^A(l,<<)' 
ISTNS(7,IR=5)=ITEM3 a( 2,<<) 
PESll_T(lRES)=TCv.acfK<)*A3j" 
TE -PR( <K ) = -^ES.^LT (_! RE*; ) _ 

‘I RES= I RES* 

-T “HP a< - A RK R ) ? H? i G- T S f \ ) 


AS FIRST STATION NOT F I XFD , AD J'JST FROM M 
OA.CJuATED MINUS OBSERVED VALUc OF' NODE 


ARKj, 

STAT 


TO 

ION 


- 1 . iv> ^ j — ^ _ - *• - - • -«. - ■ - ^ . ■ 

H I T 61 , / '• 0 6 ) - .(.IT c N ^ A Q 73T iTf l727 , 7 Ej^P R ( J) , J * ! ,KaR <2 


m4Rki = '^ARK 

-^iVi-TOr"NG3ES "i‘v’) Va7vI = S "InTO'sesjCT LrsT'T'OR S^RlTf^T^- 

68 no 8“ K^ = : . 7 :: 

E t ~I - " -' I 5 T V S ( 1 , r- E S ) = N 0 .'i3 S- U . < -C ) dJT._ J ’ T" ~ 

!5TN5(?» rHES)=':0-DestP, <0 
~Iir''PE SU-T ( pc s ) =nE I S-iTS I <<) 

8 8 ISECsIrps^I ■ I 


I U * J 



"I-R 

c « • • * 

»• 

». ^ 

' CiV'*V 

- T 'H 

c* • « ‘ 

PI 


r A 

• 

I T 

I T 
I T 


IT 



= i ^ c o • % 

T-E ^1N‘- SEfiJ^''‘5 ASrENDlN'S 0R?F= FQP UPDATING 

SA"""T _E. uTST the sorted RESULTS FOP REFERENCE. IF THERE 
= p = \T '.'i.JES ^33 £ STtTlON LIST them independently 
r"S3RT?’:v 157'. ;,‘^ESJ_7 , pcS) 

' T M ^ = 4 -J 


ARE' 


► 1 1 


VA' 


T5XT(6)s<^LJES 

_AT. 

T Vx T ( 

I TEX tl ?) =*d^ ST 4 


L--~^.-i : ~ J TrXT ( 10 ) =^<RT 1 ON -. . - _ _ . „ r_: . 

r^r:' * 1 T E X T ( I i'i = r T = X T ( 1 2 ■) r 1 T E < T { 13 j = IJ ?.^''’ t i’l J * n - X_T ri 5T * I T =_X T ( i'6 ) i* I T H X T { i Z. 

W I fpt> 1^ ’ ) *1 TgX''fTg9')s4R T~ ~~ .. ... .1.1— 

1 M_I^_0 

T=u 

C = 2Q 

1 ^aGE‘=i' 

CT:?sO 

j"-? I T E (IT, f? 2 4 r T : A ^ D , 4 G 

■ 3j^J'T{_lJ;il_*5DX.l9H'lNJA*._£ 


D'J 9 7 MG =1,50 
K T R= <T ■ 

!?■ (KTKVLf.'l SESV9'?r9 3 ■ ' 

I ^ ( I ST MS ( 1 . < TR . I M 3J I , lIZlll* OR . 1ST MS ( 2 #J<JRJL* • I STMS ( 2 . KTR» 1 

“■ 1) ) il4V>l‘ ■■ ” ■ -------- 

9l IMI)=1 


92 


J= I 
Kaio 
GO T*D" 


90 


93 
1 1T 


ir(KTR.E'^. IRES)114,122 

*J =11 
1 MO = 0 
■^‘=20 


90 WRITE(51,1?1)(ISTN3(! , < TR ) , I = 1 . 2 ) , RESULT ( KTR ) , ( ITEja£ 
l2l ‘r 3 RK AT'~( ?0 X , A'T. rT. A 4 ,'r f 072 , 1 0R4 ) 


(U .LsJ.K) 


■ 99 ‘ 


I^’CIMU) 99,97 
■RESULT ( KTR 1 =■ -9ElO' 
IRESO =IRRS0~1 
T7 COMfiX'j'a ... 

l.=>AGE= IPAGEii. 


e 


IM S 


1 “ L5 T r7C f 7l R = S ) u 1 . 1 ? 

2 =^ -- 122 - WRrTE (61 - 

' ^ 1’0_2^ r 0 A T ( / / , j X , 4 1 H TOT A L M JM9ER OOT A T I CmS 

-r:.:, ' ■*- --ir-R I T E < , R=St) Z^r— 

1 0 2TT-D R ‘I A t ( / /Z’ X*, 3 o’ H R E N S T A T i 0 M S - ! 

1 zZr : f=-;7- R E-T.U R 


OR T FD _nSTlV7T fiTTZZ: 


. rs r 






ORIGINAL PAGE IS 
OF POOR QUALITY 







ORIGINAL PAGE IS 
OF POOR QUALITY 


20 / 11/68 


OF A NXN SYM’^.ETniC MATRIX STORE D COLUMN 


TO Bb* replaced by m SOL'JTIONS(M MAVsO) 
POSITIVE solutions ONLY, MM \EGA 


nVSRSF matrix REPLACES" A‘ 
=T=RM!NANT0FA. 


SYMMETRY 






A(<)cA'<AX 
LL = K* 


UJ=K*N-I 

K<sll _ 

1 ' ( L J - I'C) f O'. 1 ? 5 • i ? 5 
125 PO I'U) L=LL.lU 


no ?m l = l-.lu 

? 10 A ( i S - A ( •, ) « A ( I n 
??n ir(K.) :>5n.>5o,?3 0 
2 A O k = i7 m 


INAL PAQI It ’ . 

•obR QUALrrv 20/11/6B * - -- 
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»( J , < WR( ! , <> • A( I M 
r:) NT I 

. L S- f ’ 'i T. M.'‘5 ':.y H . i ;» w s. ^ n o c n i, j m n s... s w a 

’bi'NTi.'iTs~s.Tw JT T0 >tj swapped 

I P ( ‘- ) 'HM , ?31 . '^h'j 
fO?7'.l=],v 

L = \* “ ! -* * 

?7ft j = \ M . r •:**-" ■- '* -'■ ■•’“■..,.1:; ^ 

Tm V>T-«" f j i ' • -r:- - • ; •* - - 

( . , ’ } r n ( '• . J ) 

•M < , ... ) = A - A X 

T r ( .. .« ) 5 ^ Q , 3 7 ,j 

M = * 9 < V < 1 ) / !? 

r 3 / '■:• .^- = . 

" I = N* .L‘ 1 ’ * * ’ 

ji = ; 3( ! ) - 1 - - 

jp(ji) 

•• ' = I j 

K < r -i ♦%. - J ♦ ,1 ’ -■ ■• - . - 

.5 5'.' L = r.Jl 
■Kfr^VT" 

A A X = /. ( < ) 


A ( <) = A ( K *< ) 

A ( < K ) = A y. ••. X 
330 K<=k<*v-i-_ 

*< = ] 

■j J = A *■( i P ( rV- -!‘ ) -’l 3 ( ! ) • ( ! 3 ( I j ~ 5 ) 72 
JJ=1 

I r { J J) 31 C . iU' i 
295 I'D 3 on j = 1..JJ 
K<=r*jl 

A A X = A I K ) 

/.'(<)*= A (< ) * 

K = < * ‘v‘ - J 

'3 0 n / ( < < 5 = 1 X * 

3in " = I 1 « ;;! 

- ■ ‘ K< J _ ..... ... 

j j = r I *v- : ^ 

! “ r .r 1 - 3 4 'i 7 ' ? T * i 2 ‘ -~1" 

320 m 3 5-: L =< . Jj ... 

■ ‘ ‘ A X = A { ' -- -- - ■ 

A ( . ) r A ( ^ < ) 

■ = X 

3 3 0 K < s < 5 « : . 

.3''^ P C ") V ^ I ti“ .i. _ 

360 I I = 1 4 - ; - 2 ' • ~ 

370 IPPrn --- 



v'l 



1S/<A = = 0 


-1"(UST<1 ,<>-LlST(1 ,<*n)4 
6 I- (LIST (?.<)-L IS r (?,<*!)) 4 

r i.fitrisTn7<) 

A.L'-L''-rJ.5T<?*j < \ 

uiST(l,K)5-IST(l,K*lT 
■ 'US'r(?,K)=LlST(2,K*l>‘ 


L 1 S T ( 1 , »W ) = L T 1 
1.1ST(?,K-1 )=lT? 


-! — A^sIS*>A^*l ... - — . 

4. C.:)'4T IN JE- - - - • - 


IFnSWAP.E3.U>5.,l - 
1 MsH-1. 


b P c T U ^ N 

emo 


,6,3 

,4,3 
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5 ^ J^RDUT ! MH 
S 0 *^T AH^AYS K 


S'JRT2?(<cY,DATA,UE\STh) 

;y AMO data J5IMG' ? WO-ID FUKME'JTS OF KFY 


iSilusa: 



t 


lO 1 ltV,K 

... 1 O 

no 4 K si , M 

^_ifxKi3La -ji£x a I < • 1 ) i-UiiJJ 

6 1 r (K = Y( 2 ,K ) -<EY ( 2 , ) ) 4 , 4 , 3 

3 I Tl = <(-Y(1 , 

L T 2 t < Y ( 2 . ^ ) 

XEYdi^l^K^Yd.K^-D 

K = Y(?,0=K*Y(2.'<*1> 



1 « 'iV AlKfliitN t'J' 
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PROGRAM SATIlE 


♦ **«,*A ROUTINE TO UPDATb: LATITUDE AND LONGITUDE DATE, 8 Y STATION 

Mi^CD 


♦ ***‘*SCP ATC^ ON LU3, 

real lat,l.ong 

INTtGEK R.V0*^LAG,RErLA3 
INTl'Gt^ CPDA-Ea - . 

INTEGER UPDATE 

integer RRA , »-ARba , aREa7STN*I 


LD master Lull NEW master LU? 


cstnTe^ror' 


a 


— 


COM.VCV'.ARb A CtO) ,SARr-4(’0) ,/RUA{2n ) ,CRDAPcA( 20,100 ) , jERRCRfS.lOO) 
1 ! ERROR! ion ) ,S1 N(2) , CST'J ( 2 V , LaT , LONG . EL, GRA V , Cl'AT , CLONG , ENOFLAG " 
2.ERR0RI2, ion) _ _ 

I COUNTS jj = j = i ■ ■ ■ * 


lA 

3 


R c F L A C* = U r D A ' E * 0 

CALL PF EPACt: { ji )" 
R E A n ( 1 , 1 ) 6 c t A 

FORMAT ( 20R A ) 


IF(f'APEA(i ) .fcO.ARE-viDS, AND,MAREA(2J .EQ.ARAF 

"700 FOP^'AT ( IX , 2L1RA ) - *■ 

area ih Table 
.V DO' 5 '11 = 1,2 0 “ 


)2$'i 


6 

60 

"5 


rr<MAREA ( 1 1 j .EQ,CRDAHEA(_Il , 1 ) 360,6 

GO To A ■ 

I9» I 

CONTINUE 

GO TO 7 

CONTINUE 

WR I TE (2 , 1 ) marEA 
►COPY AREA 


13 

9 


11 

12 


,10 

88 

7 


IF NOT IN table 
READ( 1,9)STN,LAT,L0 NG,EL.GRAV 
format (R 4 ,rX,R4,2FlQ.2,2F8,2) 
IF(EOF,l >ir,ll __ 

WRITE(2,12)$tn,LAT ,LO\G,EL,Goa'v 
FORMAT(R4,1H.R4,2F10.2,2F8.2) _ 
GO TO 13 

ENDFILE 2 

WRITEI61 , c8)MAREA ' 

FORMAT ( iy , 20PA , IV . 6nC0P lED ) 
'G'O TO 14 

DO 15 Il=l,20 _ - 

CRDAREa { 1 1 , 19 ) =4R * 

CONT I .\'Lt 


T'C 


15 

^♦•••area found -pub out entry 

3 .-. „ REFLAGcO 
“r” — 'GO TO 100 
-■ 19 READ(3,200 ) 


'200 rORMAT(iX) 

I F ( [ C F , 3 ) 1 r> 0 , 1 9 _ 

■10n~PEAD(3,l)SAR?A 

l‘P*'^‘=(*l.''‘C >?AR^A ,MARCi 


17 

18 
16 


1 F ( S A H F A C 1 ; , c 0 .'4 R c '*0 G A N D7 S A R E A ( 2 ) . E Q .4 ' R'a'F )"l 5 ,’i7' 

no 18 1=1,3 

1F(SAREA{ ; ) .EQ.MaREA! I ) )18,10 

DON'T jr,-. c 

GO TG 20 

IF(PEFLAG)21.21,22 


i 
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21 


CONTINUB SBARCH 


i 


REFLAGul 

rewind *3_ 

rNU’^AND’ 

- GO TO 100 

CONT ; Non _ ' ^ V . " •• " ' "" "• •• 

W R 1 f f ” { 6 1 , 2 3 )■ M area - 

^ .23’ rOR^ATffifiAi^CA -'*,20R<ilX,10HNCT'ToUNff 

RE^i'.AGsO ' 

G 0 ' T 0 1 4 ■ ■ 

20 ENOFLAGsO 

c#***»area found 

WRl tq ('/,-)./ A p(: A 

UPDATH^O 


-66 

36' 


74 

:: 73 
2< 
■ 25 


72 

71 

“27 

28 

900 


Rr:AD(3i‘^6>C:STN',CCAT,CL0NG 
IF< ICChEf:K,3)73,74 “ ^ ^ 

IF (ECF,3)24,35 

GO TO 36 ■ : 

enoflag=i ■ _ „ _ 

R E A D ( 1 , 9 ) S T N VL A T-, L 0 N G , EL TGR A V 
IF( I0ChBCK,i)71,72 
IF (EOF, 1)26, 27' 

GO TO 25 


1F(ENDFlaG)28,26.31 
IF(STN(1)-cSTN(1))31,900,931 
IF(STN(2)-CSTN(2> ) 31, 30, 931 

931 REaD(3,46)CST\,CLAT,CLJ)NG 

IF (EOF, 3)24, 27 

39 FORMATdX , IVhNO ELEV-GR A V_DA T A 

l(4(R4,lh. ,R4,2X) ) ) 

42 F0RMAT(1v,i^6hN0 LAT LONG DATA 

1(4(R4,1H. ,R4,2X> ) ) 

30 STn(1)sCSTn(^.) 

STN ( 2 ) cCSTv ( 2 )* " : 

- - LAT = CI.AT3 - - ^ 


j 1 » 1 H .A R_E_^,_2 or 4.1./ 1 1 .X 


» /..f.lXj SHARE A_, 2.0_R4 ,.1X 


_long = clcnq' " ■ 

UP D A 7.fc.= 1 _ . 


' " ^ — 

■'--31 'lF(G^Av*y-V9.99)33.33,5 00 = - ~ ^ 

30 6' I f* ( hU ♦ 9 9 9 .-9 0 ) 3 37 3 3 73 2' 

“32 iF(LAT-VV99V.90)35»35,34 

--- 34 WR;Tt;2,t:2 5r'TN,uAT,^UCNG-, EL,GRAV ' 1" ITV"!"””" ~ 

WRlTi:(M,9PV}CST>J,STN.LAT,4_ONG,EL,GRAV /r--' ' ‘7 _ .":±_ 


."CT:”" “9 0 9 - r 0 R y A T ( 1 JC , 2 ■« 4 , 1 X . 2 R •» , 2 F 1 0 . 2 ; ? F ft 72 ’ ) 
■'37* IF (UPD AT 0:^6,2 5,6 6 
ENTSyT* 


X ♦ ♦ • F: n R 0 R 

33 ERR0R(3 , ICCU\'T)3STN(1 ) 

EPRCRCc, ICCUM ) = ST\'(2^ 

ICOUNTr ICCH.I\T>»1 
:f‘ ( I CGi r-r-^ 0 


1 3‘; T fl' 

f Sr I * ^ W 


3^ I I = I CCl'NT-1 

‘iCOUNTci 
GO TO 37 

35 JERPOHCl, Jj)r5TN(l ) 
.JERR0P(2, JJ)=S3_(2) 

1F( JJ-101)'34,41,41 


■ 


•ji *ji \n 
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C « « * 0 

67 


continue 

JJel __ _ 

GO* 

•COVPLETi:- PEtO 

1 “ (EVw.y L-0) -i? , 

(IX , ,ix,2nH\0Ni uPDATErj stations)" 

CO*. I NO I: 


f coK OLD maSTEP 




. a .' r -- 


<b 

<0 

■4-t 


51 

50 


C* 

c* 


53 

52 


« • * 
« • « 


REA0(3i<o )r.S*N^CLAT,CLdNG 

r 0 ^ r. A T ( 2 p 'i , 2 ‘ 1 f> . 2 ) 

1 r c 0 r . 7 ' I * i 

WRITE {( 1,45) C‘JTN,ClAT,CLO’.G .. 

t- A T (1 :< , 3 4 , 1 ^4 . , R , 2x , r 1 0 . 2 . 2 V . r 1 0 , 2 ) 

GO' TC ?. 7 

jjaoj-: 

► R I T C ( A, 1 , >5 f, ) ‘‘ A R E & __ 

I COUNT;. I COUNT-1 

1T( J COUNT) 50. 5 0,51 _ __ 

WRITE(61,39)MAPEA, ( (£RR0R( l", J)', I=i’i 2)7 Jb1‘; ICOUNT) 

ICCUNTri 

" IF ( Jj;52;5?r5'3** 

• LIST ERROR KFCORDS _ 

W FU T E ( 61 , 4 ? ) M A R E A , ( ( J E « K C R*{ T", J ) I c'l 7*2 ') , J = 1 » J J V 

JJ*=1 

ENOFILh 2 

GO_TO 14 

"•GO REAT NE>T'A’nEA 

• list any areas I N jAtiLC_ NOT_UPPAT6D 

DO 56 I =1 , J1 

DO 57 I I =1 ,20 


)57,50 


6 
7 

321 


61 
59 
6 0 


ir(CRDAREA( I I , I ) .EQ.4R 

GO TO IV _ 

’CCNT I 

CONTIM.E 

WRITWCt ,:<21 ) - - 

F’C'RPAT ( 5-.;.:\Cc AT _ ,72X) _ 

L-NlUlLfc2 

REWIND 2' 

STO . ' ' 

WR I tr‘(M , 6^ ) ( CODa-'E A ( I , J1 ) , Ir-l ,3 ) 
pOPPaT ; 1> , *.WA = f A ,3R4 .i3k\0T CN RASTER 

GO TC ^6 ^ _ J 

END 
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SUBPClUTUjr: PPHPABHCJ) r • . r. 

C,V»*o!NPUT"HCUT INP FOP LA^-LONG APPA UPDETE_X> 

~ ccr^i’'.dN ‘ I CF : LgT p.o j i i *< f I ) • crdare a ( t.0 , ioo^ 

^'^^-"iuAT<lG00) .I.CNGUOOO) "r- 

■I^iThGEt-'“^5'*’\' , CPOA A f I cn LH « MF 11 c . n AP I 6 AvjE^ -—- 

RF-AI/ 1#?TI.C-\C -• '•- ■. . --r --■ 

■" ■ PEW’f^D 3' 

lrt.IGKT=0 _ . 

J=JJ«1 

_ rOi^PAPE FILE NAMES , . : 

' " . . KE* l'{ 1,1}^‘F I Lb . . _ 

_ p E A ? ( 6 r , 1 ) 1 1.: r I L E . • — 

1 FpHMA'M^aPrt ) -• _ * 

, . no '^'0 I CL . pp ... ' 

"If _ l J.**^ * I f ( K f'I L E ( I > I b C • i F I L r. ( I n ^ 0 I ? _ 

^ rOPMA^dX,!. t’^CAPp FILE ,20R^./»l>^»i^FiMAG tAPu. IL 

lUH PEL'rTED ) . — 

6 STOP 

40 continue 

WRITE (r.D'^F II.E 

C*****GET CAP'J A':-EA . . 

21 «r:Ar«(6c;,i)(Cf7DAHEA(i,j)»ici,20) 

50 ir ( CPOaPEA f 1 » J ) . EO . , AND . CRDAREA < 2# J) lEO . 

7 IF(CRrARbA(i»‘n ,EG,-iR!:N0LtAMn.CRDAREA(.2#J).i.EQ*.^. 
9 R b A D d 0 . 1 2 ) 

1? FORMAT <1.0 — 

S^^IP f’LIOMT CARD 

WP*rE(3,i2drRDAPEA(I,J)»I=li20) 

13 format < 2'3 PA ) 

“TT; Rfc '.utAC , 1 A ) STN ( 1 * J J ) I STN ( 2 , JJ ‘ » Ad.»F » 9AKcR I C L 

•~ - ~ ^ ' v~<i rV' 2 *. . 13>' , ^ 2 i Q I >5 • 1 « F3 . 0 , F3 • 1 » i 2P4 } T7~~^ 

Yff R . E f *'^R”MT7S j AND . 9 AGc . EC . LGM T ) --- l^»-6 - 

' !L; C* * * •..f - ^ F' - P L"I GHT - C A .. —T-^ ^ r— - 

^ t^Aw ,HAG£ - - 

(CjAR‘-*EO . ^"b\r<L • ANu'i-rJAoF tECi,-4RAtS )llil7 
" — C-** • • ®CONy=?.T 1_-A TS“J,-0“;_^iS - ;.: L -* — 

' LONG^(fi.O =C'-aA'l I;t^60*00G ‘ : ..._ f ... .Jl/. ./TL___L: 

C****^SbNSE TOO many ST-aTionS 

.J. . JJ„- OC 0 d 7 , in . 1® 

• 16 l,'RlTt^(6'»2C))STNflf>^J‘-l'»STN(2iJJ~lJ - 

?X r')«!-<-(iy.?i>SS7iT:C.\S EXCEEDS ICOO 

loo I'*!'' s'^T'.cxs n£jE :=i _ p>:hx : \ pca _.._ 

p 2 ' R b A 0 ( n 0 , 1 K’ A R . B A G r 

IF ( gar , EQ . wRFN’JL . A NO . B A_GJ_, EQ ./iR AT_5 J 111 ^2__ 

'll iJ = o-'i 

CALI CRL’b.R( JJ5 ■ - - • - 

C*««**SOR'T aaEa 

DO 26 1 = 1 . JJ ^ 

RbCOROS ON SCRAiCH .nMrf’l 

KR I TE ( J , 25 ) S TXi < i ..L’-'AfNA ? .J. I- L ‘ - 


0) |5iN(2ilb00) * 


LE ',2'dR4i7^iX,i 


A> ) 6 
.RATS. _ ). 


i7 

11 N?-.—.. 


IE, DOG I GAR I B AGP 


i 


ro; 


4 
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25 rrRMAT(2A4 ,2 fio.2.52X) 

26 Ctn-JTINUH _ 

(61, 3r ) (‘cWDaRS^AC I , J) I 1=1 ,2P> , IFLIGH^, JJ 
3n ( IX , 5H.\Rh‘A CCPIFD.lOX, I3 i 6H FL I GHTS , lOX , 1 4 , 8H. RfeCOR 

IDS) - ^ " 

ifljght = o ■ 

JJ = 1 • 

n /®i‘A _ 

w'=J*l 

GD TO ?1 

b W i 1 c ( *1 » <r T ) ^ .. - — • — — 

C • • • «■ <• C * R' D c ^ D ^ I L b F C J Ni D 

27 F'JRSA^ 

3 . 

J=j-1 

WRITE(M,29) 

2V rCRMAT(iX,15HlNPUT COMPLETE ) 

RETURN - 

END 
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SUB5?0L;T1NP 0RDE_R(K') .i.'. . 

CDMf-CN I ouri < 20 ) | I DU?-!2 < 20 ).,.IDU^;3 (?.oLj.C«0 r20.iibo’> TsTN^ 2 , 1000) t — 

- - • 1':LAT(1C00) ♦‘-ONfJaOOO) ^ f' . 

-- iNTbGtP STV 

s'" ■ ‘ ' REAl LAT,Ln\G • - - 

DO 1 Isl.K 

u=i*i 

„ ^ D02J = L#K 

- 1 r ( ( 1 . j') - sT!j (■; ;"i )■ y } , V, 2 ‘ " * " 

3 ir(STN(2, J)-ST.\(2, I ) )5,2,2 _ - * _ __ - : 

. 5 1 TARI = ST\ ( 1 , J > - 

; ^ I TAR2 = STN( ? . J) . _ _ - 

^ - ''‘T A P 3 “ L A T ( J ) - ^ 

. r*- --TAP^sLCNG( J) ' • ' • 

- - • • ‘‘sT^(i, j)rS’\'(i7rr ' • 

STN<2, J)=ST\(2. I ) 

LAT( J)=LAT ( I ) 

LONG( J) =lOVG ( n ; 

STN(1, I )=!TARi“" 

STN(2, I )=ITAP2 

■“LAT( I ) cTAP3 "~ 

LON'GC n = TAP4 
’a CONTI Nl'E 

IF( 1~1)9.1 ,9 _ 

9 ir(STN(l.n-STN(l,I-lM'i»7,i 

7JF <STN(2, I >-STN(2» I-U.)li8*l 

o LAT( I)s-99999.9y 

L0NG( I ) s-99999 . 99 

' * l" CONT I NPfc 

RETURN . _ 

END " . -- ■■ ‘ _ 





PROGRAM BA2 
1NUGH^^ ERRORS 
REAL STJ^l,ST^2 
INTEGER HCR.HM 
INTEGcf^ ACRfAH 
COhnON HCR(2n) 


ACR(?n ) 
ERKOMSi 
STNl.ST 
I)CR(5) , 


C0>'.^'0^ 

CON»*ON 
COHNON 
COMr-:n.\ 

' KLAl >^A,fA|) 
REAL 0 C R R 
real PA,f<AH 
UlMEr.SlON BA(b 
REAL HuANK 
INTLGcH IOLA\h 
dimension IBlA 
EOUI VAu6nCE(BL 

COMMON BLANK 
DATA { r)UMP = 6HPU 
REWIND 40 
lENDSAF (1 ) s4hE 
lENUSA^ (2)t4WA 
DO 16 1=3,20 
le lENUSAf ( I ) e4N 
30 ERROWSsO 

f LCCUNT=0 
PAGE =0 
1 BLArJK ( 1 ) =4H 
IBLAf K(2)=4M 
CHECK mag tape 
REaD( 6D,41)HCR 
41 rUBMAT(20AA) 

50 RFAf)( 40,41)^;“! 
“ ■ DO 6?~ 1=1,20 

ir (HCR ( I I-H^T ( 
62 C 0 N' T I iN i; 6 
* GO TO <^0 
70 PAGE=PAGE*1 
j -•••>RITE(M,7 i)aa 
: - 7i'V0PMAT(iHi,6K 
[ - 1/lX . 36H HEADER 

r 2/1X.14" mT hpa 

\ 3/lX,14M CR HtA 

' STOP 

C**«* REAP AREA ANP 
9r pea: ( 60 ,91 ! a::; 
91 f OhMAT ( 20A4 , / , 
IFfEOE, 60 )100 , 

C*«** eno of Data pc 

lOO PAGE=rAGE*l 

WRITEC61,1P1)P 
101 FORMAT(lHl ,/// 
wR1TE(61,111;E 
111 F0RMAT(1X,?6w 
WRI TE(61,121) 


APPENDIX F 


,PAGE,LC 0 UNT, lENnSA^’,BrLAG,NDnR 
,LAT,LONa,ELiOGRAV,CrR 
T i 

I . 

»H‘'T( 20 > " • 

, A T ( 2 n ) 

PAGh,UCOUNT, I'cNDSAr (2D ) , BFlaQ 
N 2 ,LAT,LONG,EL,OGRAV,LOCl ,L 0 C 2 
DCRb(5 ) ,NDcR 
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• r* --r— -r -.- r TT* y i' 




) , 9AB(S) 


NK(2) 

ANK , IBLANK) 


HP, , ) 

NDS 

F 


LABELcCARD LAPEL 


I ) ) 70,62,7C 


GE,HMT,HCR — 

Page 1 13 . 

S ON MT and CR are different 
PER IS - |20A4# 

DER IS ,20A4 ) 

density cards 

, rcR 

b, 2 ) 

200 

UTINE 

aGE»hCRi ACR 

/,6H PAGE , I3,10x,20A4,/1X,20A4/) 
JJRORS 

number of errors found = #13) 


Jt ^ 


original page w 
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^ Jt :.". 

I ~ 






121 rORKAT(lX,////.llH fcND or JOP. 

..T. . _ 

REWIND <0 

...^-.-RETURN, - — - _ _ - 

^4*^^-1:NC0D€ PLANKS INTO U£NS] T Y ^RRA Y " 

20n-_DO 204 " ' _ _ 

1-.-T 1 F ( DOR n ) ~0; 0 ) 202 i ?05# 202 ^ jr 

202 ENC0DECB,2C3 , DCR5( 1 ) )DCR(I ) ^ ’ 

203 F0KKAT(Fa.2) 

204 ND0R=I 

GO TO 20a 

205 00 207 J«rl ,5 _ 

— ENCOt>E<6.2n6,DCRB( J) ) - " - 

206 rOPf<At(6X)- , •- - . . - 

207 CCNTiWE. ■ ‘ ' 

208 PAGE = f’AO.E^l 

. •_ WRlTfc<ftl,_209.>rAGC,HCR, ACR/DCRR ■ *' 

209^0WKAT(1H1,////,6H page , I 3 i 1 OX , 20 A4 , /iX , 20 A4/2X » 


162HSTATI0N LOCATION ‘ LATITUDE 

221H gravity free A I R , 5X , 31HDENS I T I ES AND 
310H (MGAL) /32X,43H(UEG MIN) (DEG MIN) 

410H (MGAL) ,5(2X,RH) ) 

LCOUNT=0 

•♦♦••SEARCH FOR AREA 
210 REAI)(40,41)AMT 

220 DO 222 1 = 1,20 

1F(AMT( I )-IEnDSAF( I ) >230,222,230 

222 CONTINUE ' 

rewind 40 

GO TO 300 

230 DO 232 1=1, 20 

. . . IF(ACR( I )-AMT ( I ) >240,232,240 

232. CONT INLJE 

GO TO 250 i 
_240 CALL SrWP(40.) 

V - ao - 7 


LONGITUDE ELEVATION 

rouguer anomalies 

(FEET) (MGAL) 






•- C 


’250 read (4 0, 251 )STNi,STN 2»L*T, LONG rE-L,DGRAV« LOCI, L0C2 
251.rORMAT(Ae,Ai,2ri0.,2,2F»72;2Ae i \ _ 

lF(EOri4n)90.260 ' V* . - - 

260 CALL HASUB2 . 

GO TO 25u{-- ^ -r - ' “ 

(••••SECOND PASS JT—* --jt:! _ ■ 

30 0 ft fc A 0 ( 4 <1730 1 ) H« 

.301 r 0 ft M A T ( 2 0 A 4 J J * ^ 

310 PEArH4o,30i ) amt 
320 DO 323 1=1,20 


323 


430 


432 


440 


IF ( AMT( I )-IfcNDSAF( I ) ) 4 30, 323, 4 30 
CONTINUE 
GO TO 33(1 
DO 432 1=1,20 

rr(ACR{I)-AMT(i))440,432,440 
CONTINUE 
GO TO 250 
CALL SKIP(40) 

GO TO 310 


origimal page is 

0^ POOR QUALITY 


ERROR routine 
' 330 WRITE(ftl,331)ACR 
331 F0RMAT{1X,1X*16H AREA NOT'on’mT^ 
I 1/1X.17H area from Ch IS ,20AA) 
-CALL QROtRROR<n,OUrP) 
pr- ff^EwlND 4b "‘ • ••' ' 

: GO TO Vo' ■“ - — 

I enf.' 


■ 

I ; 

i 

•i . 






i 

f 

i 

I 
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SUBROUTINE B^SUB2 - ' * 

INirOEK ERRORS, PAGE, LCOUNT, lENnSAr,brLAG,NDCR 
^"'REAl. STN1,STN2.LAT,L0NG,6L,0GRAV,DCR 
.. INTCnfcH HCR.wkT 
.-INTEGER ACR,AKl . ^ ^ 

. .. COMMON WCR( PO> ,Mm’t (20) . . 

ttCMHO.N A'Cn C fl li'A^T { 2 0 1 ' ~ I'.j I 

.eRROR5j^A?E*,tCOUNTUENDSAr<20 ) , 8FLAQ j- : 
dOr^iO'N STNl,STN2/LAT,l-ONG,EL,OGRAV,LOCi,LOC2* 
COMMON ncR(b) ,nCRR(5) .NinCR 
REAL KA|FAB 
REAL dorr 

- -REAL «A , BAR— - - 

DJMLNSICN BA(5),3A8(5) •. 

-REAL BLANK _ 

■.-...INTEGcB IRLANK “ . _ , 

Oi MENS ION !t<LA.NK(2) .r 

' ViOUt valence (RL'ANK, I HLANK) I /.. .. .. 

-Common blank- -- ’ - — - 

INTEGER 1F*A, IFB ' 

INTEGER LATD,LONGD 

real LATM.LONGM ..... 

real LAT1,LAT2,NGRAV,K 

BFLAG = C’ ... 

IFa = 0 

1FB = 0 

IF (LAT-999Q9.0)5,1,1 

IF(L0N(?^99999.n>6.2,2 . 

IF(Eu-V9V9.0)7,3,3 

IF(OgRAV-9999.0)6,20,20 . . 

bPRORS^ERRORS^l 

BFLAG = i 

IFA = 1 

GO T(3 3 „ . ; ,... • 

ERRORS = ERRORS*1 ■ - . . 

IFR=1 _ 

GOT' TCr 7 '‘J — 


- 6 




K S = F. R R i ^ Tf=#^T^=^~.=g= 

^■-bfCagsi ;.:T. 

. GO TO 3 ^ 

■^EKR0RS = ERR0«5*1 “ 

RF LAG-i" ^ . . .r. .,..-. . _ 

GO :tcT20 




DO 7^1 = 1, 5 

■ PAT’tn=BLANK-.r‘ 

IF ( I FA) 35. .T*, .35 

LAT-LAT/60 , 0 
1F< IFy)37,3ft.37 
LOf>jG = LC'NG/6 0 . 0 
IF (BFlAG,F.C.1)6C- 
LAT1 = LAT*3 . 1 A, 

LAT?=2.0«LAT1 
NGHA V = 97fi0<9 . L'* 

l(l,0^0,005?.b8A*SIN(LATl)*SlN(LATl) 
2-0.0 (IO(j059*SIN(LAT2)«SIN(LAT2)) 


27 

30 

3*5 

35 

36 

37 
40 


AO 
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3-978001', 0 
K = U.*0,C12770 
DGftAV=OGHAV-NGRAV 
FA = IKiRaV ♦ bL*0, 0940ft 
S 5H IJO 5b I=t,MiCR 
■•■52 bA( I ) = FA-K‘»DCH< I ) 

1 ENcoiih < 8 ;'5 4 , F A R ) r A ■ 

CNCOu? { B ,54 , P.AB U ) ) Ba ( \ ) 
' 54 f OfM-A 1 t F H . 2 ) ' 




55 COMTjiJi't 

60 IF (LCUUNT-60)7n,61,6l 

61 PA(i{- = PACb^l . 

' ■ 62'l'0PMATilni,////,6H Page , I3,10K,2(!A4 ,/ix,2CA4/2X, _ * 

; - lft2»iST at lOM LOCATIO'J ■* LATITUDE LONGITUDE ELEVAVlbN'”' 

221H GRAVITY f^PEb A I R , 5X , 31HDENB 1 T I bS AN‘0 BOUGUER A,\C«AuItS ^ 
3J0 h (P'JAl) /32X,‘43h( deg ^IN): (DcG MIN) (PEbT) <MGAL>’^ 

^.-:-410K. (MGAL) ,5(2X.H8) ) ;• .... • 

— LCr,u*‘T = B 

70 IF(1PA)72.71,72 

71 LATl»= IF-IX(LAT ) 

LATM={LAT-LATC)*60,0 _ „ 

LATM = At<SF‘(LATM) 


GO TO 75 
72 LATn = 9(i000n 

LATf^-9i)CnoonoO . 

GO TO /5 

75 IFMF U)77,7e,7 7 

76 L0f'CD= IF IX(UON(l) 

LONUf-s (1.0\'G-LONGD)«60 ,0 
LnNG^ = Ab'SP(LPA'GM) 

GO TO bO 

77 LONr,r = 9fiOCfiO 


I L 0 pr,‘'! = ‘/«jr) 00 cron . • ... . _ 

} 80 I F (UGPAy*90lir( . 0 ) c2 ,8l , 61 

1^ 61 OGPaV=OGRAVUo73cCO . 0 ■ . 

i- 62 

: ' J ~i S T W 1 . S.T M 2 , w'C C 1 , L 0 C 2 . L A T 'J , L A T M b »;G D , C *• G M . E L. . 0 G R A V i 

2FAP, (BAlU •), 1=1,5) ' - 

' 83 FORv.aT . . 

. 1(X, a6.A1.2x,2aB,2X,2(2X, I4,X,F5.2) ,2x,F8.1.X,F10,2,6<2X,R8> )' ‘ 

' LCOL'N'TsLCOL'M^I 

- RETURN! ■* 

t N I5 



V/RITEf l,l)lCAaD 
’.VRITS(1,2) 

^ 2 FCE:.!Ai'(80H2::LoAF - . . . 

r - V ■ ■ -t ‘ 

-ESID • -- ^ T" - " : 

' “ -T" ' - ^ OF POOR QUALITY - T - 
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P»?OG^AM riXSAf 

fjMFN-SlOM 1STAT(?, 1 0 00 ) »’-AT(lOnO) 
1, I AR5ACD(20 ) , 1 ScG( ?fj ) , 1 :05tG(20) » 
ni.Mt\SIO\ L 0-1(1000) ,u3^2(l000 ) 
“iit-'L IHT, 

‘ = n 

^ Ii<=l .... - 

\ 0 'J "=2 



.LONG(IOOO) , 1HT(100C)7IGRAV(1000^- 
1 ^( 1000 ) ■ — 



1 r:HAD(O0,l0'Jl ) IOOMT-JOL 

M = M4-1 

1001 rOrJVAT(AA) 
lOOO f OR*-- A T ( 20A- i 
in 05 f M(A<»> 

10 02 f'JwXAT ( aa , 1 - . , AA , 2 - 10 . ?^6 , 2 ) 

1007 r'jR“AT(6 HE\ jSA' , 7AO 
■' .60 ) 1 C. . 119 

119 Ih {••*.GT,1)121.A 

120 IL< = 1-IL'( 

1F ( Ilk. EC. 0)121, 12? 

121 I.nj = 2 
10'JT = 3 
GO TD A 


QE pQP^ 


122 IJ=3 
IUL'T = 2 


GO TO 4 . ... 

'lOO STOP 

4 IF( ICO^JTRO_.EO.A^C/DE)9,10 
' “ 9 PcaD(60, 10^5) ICDSE3 

3003 PEaL ( I \l , 10*16 ) UREACU 
IMIOCHECK.: .) 3003,3004 

3004 no 3000 1=1,20 

I*” ( ICD5bG( :).HC.Ia9EaCO(I))3000,30 01 


3000 GO'.’IMJE 
" ” GO TO 30-0 2 

-Vfiji T.O 61 . 

^3002 WH-:tA( IOJT, 1‘'G6) ! A'-^hACO 
P'r:An(60,lC!"t 5 3 

17 PE*.D( IM, 1T'15 5 : Si:3 
I' ( : ocheck , : ) 3 7 , lb 
16 if ( I SrG( 1 ) . = 3 . AhEr.OS) 20 . 19 

r„.i 9 no 11 1=1,2: 

, r< ? ci£r,( I ) . e:: . IC0S = C:( i ) ) ii, 12 
^••11 C0\TI.\!UE 
^ GU ’0 13 

12 WWI T = ( lOJ' , 1 'OA) ISr3 
16 PE.A0( 13?:: :st si. 1STV2. ALAT,AL9! 



G , HT , GRAV I LOCI . L0C2 


If ( IDCHRLK, : .•)]6,30a? 

3 n G 5 : ' ( r- 3 E , I : 4 1 r 

l5 w'^ITE(iGjT,1.5l; ISTNI, ;iT\2 
GO T3 16 
14 e '.Of I lb I OJT 
0 :. th 17 

20 WR ! TEC 61 . 102 1) ICiTSE3 
1020 r.)^^AT( 34 ». 5 rvS--'E'.'T TO -jl 
.-•-<iTE( lOUT , 1 >0 7) 


AT . ALO'-IG, HT, OF AV, LOCI, LCC2 


deleted not on TAPE.2X,2QA4) 




¥ 

•ft 

t ¥ 
« 
r 
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27 


RbWiNU IN . . 

PfcWiND I OUT - I _ _ 

GO TO 1 " ■' / ■ ■ 

— ' 13 RcAD( IN, 1053) ISTNl, 1STN2.ALAT', ALONG, HT.GRAV, LOCI, L0C2 
IF(eor.IN)2l,13 
PtADtlNMOOSn Sl-G 


% 

f- 


~_T~r ™ t I ^ fc‘ 3 ( 1 ) ; = 0 . A H E NT) S ) 2 3 , 2 2 . 

--V-.22'WRITE( I0JT.10U6) IScG * 




26 HtAOC IN, 1053) ISTNl, iSTN2 ,ALAT, along, HT,GRAV;L0C1,L0C2 
(EOT, IN) 2 3, 2 A 

25 [ NOF ILE IOJT ' ' ' ' 

no TO 21 

,24 kHITEdOOTllOSl) IS-TNl, 1 5 T.N2 , ALA T , ALONG , HT , GR A V , LOCI , L0C2 .d T-— 

GO TO 26 • - 

23 WRITE( IOJT, 1007) - "I ' 

- KRITE(6l,956) ICDStG __ ~ - 

FORHAT(i?X , 20A4 ,8^- DELhTrO) z 

GO TO. ?■/ - z ■ ~ 

“lO IF ( ICO\T90L.=0.4HC/CR.OR. ICONTROL.6O.4HC/UP)30,29 

29 l''KITE(6l,1029) ICONTROl _ 

1029 rORMAT(30H ILLEGAL CONTROL CARD, COLS 1 TO 4 ’ A«6 , 2X , A4 ) 

31 REaO( 60, 1001 ) ICO, nTROL 

!► (EOF', 60 ) 32, 33 ' 

33 IE(ICONTR0L.cO.4HC/CR.0R. I CONTROL . EQ . 4HC/UP , OR , I CONTROL , EQ . 4HC/DE ) 
14,31 

32 STOP 






_ 30 *< = i 

34 RfcAD(60,l034)ISTAT(i,<), I ST AT ( 2 , K ) , L A TDEG , L A TMI N , L AT SEC , LONGDE(i*.LONSM I 
3NGMIN, 

ILO'JGSEC, IHT(<) , IGHaV(K) ,.OC1(iO,LOC2(K) 

_.in34 fUR:^AT(2A4,2X,3I2,4x', I3,2I2,P5,1,F1O.2,15X.2A0> 

LAT(fO=60.‘»_ATni-G-^LATMlN*LATSSC/60. 

. LONG(K)=6Q. *LONGDf:j-'_ON3iIN^L-ONGS6C/60, ’ „ . . . 

1 s ry ( 1 , <) . C 0 \ D - ) 3 6j 3 5— - - ' ~ ^ ’ 

*:'■ 37 0 

_1037 ^0PMAT(61^t \JM5ER OF STATIONS IN UPDATING OR 'CREATING T ! LE: EXCEEDS * *“ 

iiobc ) ■ ' ‘ ^ . ^ z:. _ — 

C*-**»*S09T ■ ' * ‘ 

DO 40 I=3,L • ' . : ;.T 

I S-AP=0 
no j = i , N 

!F(l?Ta7(l.J)-:5v:AT(i,J^l))Al,A4,M3 

44 I F‘ ( 1 STAT ( 2 . o )- ISTAT ( 2, J*-! ) ) 4i, 45 , 43 

43 ITEK?1= ISTATd , J) 

I TEN?2=ISTAT(2, J) . ... .. 

A T E N ? 3 = L A T J j ) 

ATFH»4=L0N3( J) 

ATPK55= HT ( J) 

ATtM?6=IGRAV(s;) 


.. .. 

-- ■ 

tf . . , 4 r«S.-; 
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45 
1045 

41 

40 

42 

46 
4666 


I TKXP7 
A TFMP6 
I STAT ( 

I ‘J T A T ( 
L at ( j) 
j 

I HT ( J) 
I G»AV( 
li5( J ) = 
l.UCl ( 0 
1 STAT ( 
I S”^AT ( 
u 6 r.( j ♦ 
LONG ( J 
I HT ( J* 
I (;p A 7 ( 
i Fj( 

LOCK J 

I s >: A o = 

00 7 0 
WW I Tr( 
r f) M A T 
CONT I N 
!»■■( ISW 

Al = \i-1 


= I 0 ( J 
= L0C1 
1 , J) = 
?. J) = 
= LAT< 
) -LOn 
= IH7( 
J) =1 3 
1 D ( J 
) = L 0 3 
1 . J+1 
? , J-^ 1 
■ ) = A T 
1 ) - A 
1 ) - A T 
J*1 ) = 

1. ) = n 

-^1) = A 
I Sr.' A? 
41 

61,1 
( 17H 
JH 

AP)40 


J) 


ATEMP9«=LCC2{ J> 


TAT(1, J+l) 
T A T ( 2 , J 4 1 ) 
1} 

J*1 ) _ 

i)l _ r 

V(J*.ll:: 

j-i ) 

I tempi 
i TEMP? 
f= 3 ' 

y^A . 

t;XP6_ 

P 7 


L0C2( J)-L0C2( J+1) 


-S 


L0C2( J+1)8ATEMPV 


♦ I 


045)I5TaT(1. J),ISTaT(2,J) • 

STATION NJM3ER , A4 , IH . , A4 , 23 W APPEARS MORE THAN ONCE 

,42 


2310 


1 E ( I CONTROL . HO . 4HC/CR) 4 5, 47 ' " ’ 

PEAO(6Ci,lOr6) ICOSbO 
PE Al) ( I N , i0'^6 ) I AREaCO 
no 4 04r> 1=1,20 

IF ( I CDSr G( I ) .E'J. I ARtACD{ I ) )4046, 4047 * ' 

FONT 1 WJE 
GO TO 404d 

IT = (61,1*151) lAREACD, I N, ICDSb'G ’ 

GO TO ?2 - . _ . ' 

PT Ap( 60 , 1 006 ) I 3L5H0 ... 

KRlT^(iOjJ ,lliy6)]ARw 4'L’t} — . ... . -■ — — r— -r.- I_ * ~ 

PtAP< : i0'-6 ) ’ SbO . V' 

IT{ IOChEC-:. I'i) 52,332 -- -- 

WRIT £ ( lOjT , i:i06) iSEG • . . . ' _ 

IF( IShOn ) , £ K4 h5n~S550, 5-3 _ 

A r> ( i N , 1 0 5 3 ) I S T vlj, I 5 T V 2 , AL AT , Al. ONG , MT , GR A V*, LOCI , L0C2 
I 0R.-AT< A4 , X , .-.4 .2/1-: . 2"3 ,?/2A3) 

If'.dOCRP:-'. , IN)53,3J3 - - ~ 

IF (EOF, : ;)‘»c,49.5i ' - 

WR I T£( lOJT , l'J5l) ISTNi , I 3 T \I2 , Al A T , A LONG , HT , GR A V , LOCI , LOC? 
F 0RI(A, ( i. a f 1-^, I *. 4#,; - 17, ?» 2^3,?»2A5) 

GO TO 53 

4 r < 9 - L . ' I . £ ; 0 J T 

GU TO 52 
PACKSPACE 10 JT 
WKITEC ICJT.lOCf ) ICOSEG 
®R!f-T 3 01 
FORF.A T ( 6H 11111) 

'*0 54 1 = 1, < 

IF(L AT( I) .£0,0. )55,56 


4046 

4047 
404 3 

. . 52 

302 

53 

1053 

303 
51 

1 


50 


301 
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65 .PLAT=~ V9999. 00 ' 

no TO 55f> . ~ 

56 PLAT = UAT(I) • i ” 

i ) . =:J. P . '5/#59 - .V* • - . 

tn -5i 

~'5b' P i:a?<{^r'LnvG( I ) ,7'"---^--*— 

59 ii--( IST( !) ,=3,0. >559,55*1 - 

559 hT = -Q99,00 ‘ 

no TD 554 

"*666 HT = lHr<! ) . - - •: . 

- 5^.4 i »•■ t I J W A V ( I ) . = f.' . (J . '/ 5 5 5 , 5 i j ~ 

5 5 5 n K A V = - 9 9 9 . 0 0 

no ^:> 55 7 ... 

_■. 560 rHAV=r:^KAV( : )-*-C.43 - - • - ^. 

-.-!^57 . 1 05i)]SJat( 1 , I )■; ISTAT(2» 1 ) , PL AT , 5L0NG , HT , GH A V . LOCI < I > ,L0C2( 

irjcpnf” • •'•• “ - ■ r_- z. / ■" 

54 Ar^lTt:(6l, i:59) :r,TAT ( 1. , I) , ISTaT( 2, 1 ) , BLAT,BL0NG,HT,GRAV.L0C1( I ) *loC2( I ) 

' 2?il) 

...1P59 rORf'AT(X,A4,iH. ,A4,2'lO.?»2f5.2,2X.2A8) 

^rwOFILS lOJT * 

kXITc( IOJT, 10U7) . . 

IM 

I OUT . .. . . . 

WWlT=;(6i,i:>6)) IC0S = G, lOjT 

1060 fORt*/.:(9H 5 = G^r = Nr ,2*'A4,?0H CRBATED ON TAPE LU ,13) 

GO TO 1 

Ur^OA Tr _ . . _ 

47 Pt/.,'’ { 60 , 10'^ 6 ) i Cl.'Sb 0 
.62 PbAL( I\, 1Q')6> I AWEAOO 
^00 60 I-l,?3 

H ( :CL'SbO( I ) ,h0. I AHEaOD( I ) >60 ,61 . . . 

: 61- '.;-<IT.z(6l,lOM) IA-{1:AC0, IM, ICDSirU- • 

""Tog - 6 -T a » j^-OAAriAH 4.;qi^c0 ON LU .,.13 , /i X ^ UHSHQULD BE .i„,,__.^. 

6u v»O^T ; - ' • ':• _• - _ , _ j Z ■■■ " ~ ~ ' 

7?^=''*~: vii<':TE( iD’iT', ino5iu9tAco 

Z 2l" "^ PfcAi?(60 , lOOb ) ; ’ : • . -r . ' 

' wi4:TE{5l,l*iA>-> I A^EACO, lOOSbG - ■ . ■ - 

, y..3? -J3£G--T^ -UPDATE TAPE. iJAME _.,/., Ki.2X>A5/y_/»27H .p-_ - 

Tlv:_" l:lLir,OV.lA_Pr UPDA^’hU -NiA5 = i), X^,-2UA4) - 

. . * 7l P t aT*' ( I \ , 1 0 ’*• 6 ) I 3E j- ’ ~ '^”.”7 * . .7 *7. 

^■HlTr< I.TJT,lf>C6) IJr^zG 

I M : SriG (>).= }. =h7: .'S> 63, S4 — ^ 

63’ ( i"OjivG-1 >66,6 5 

6 6 . ' 6' f 7 I; ( ^ 2 f 1 ’• 6 '5 ) i ‘ I , S z G , I A 9 r A C D 
1066 fu9 '-. aT(X,5‘'(1^'‘^)»5*’A-izA ,20A4,26m!'»CT O'j SAf' FILL ,20A4> 

65i^4{iTE(61,l’i65)KiJT .. 

1065 F CRMAT(X,156L0G1CA. JMIT ,13,3X,21HIS LATEST OUTPUT TAPE) 

Pb^lN!) I'J . 

RfcWl\:j I OUT 

no TO 1 


■ ..i . i- T ; j; •-- - 

— ' — ♦ ... ...A. 


6 4 ''0 67 J = 1,?0 
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( IC1)SEG( J) ,b0. ISEG( J) )67,6B ' • . . 

67 CONTINUE „ „ 

'ieoi)no = i ■ * 

no TO 72 

“68 Rc.\U( !Ni,lOi)i) ISTJl, 1 5 T \ 2 . AL A T , ALONG , ELE-V , OR A V I T Y , LOCI VL 0C2 ‘7 

I E ( tor , I \t ) 7 0 , 6 7 -- - - — T-- T-- 

."'“eR WRITE( IOOT,:Otil> lETNl, ISTN2.ALAT. ALONG. EL£V,GRAViT_Y»t-0Ci,L0C2-~- -' 

*- GO TO 68 : ■-*“ *' ■ r 

*■ >b“ f-Noni.F lojT ■ ■ 

GO TO 71 ___ _ _ 

" tf ' 

_ 72 IEND=IR = n __ _ 

KTR = f) “ 

73^\TR = i<TR<-^ 

'ir(KTR.GT.01l7,7A "" ‘ ~ 

7A IKdEND.ba. DH-3.77 _ - . 

“'77 PEaU( I\,iC 53) ISTNl, i S T \ 2 , AL A T , A LONG i EL E VT'GR A V Tty , LOCI . L 0C2 

n (f-or , IN) 79 , 7p • _ - ■ - . 7 

78 IfcND = l ■■ -- - - 

GO TO 83 _ . 

79 1F(ISTN1-ISTAT(1,KTR))91,82#33 

__ 82 1E( ISTN2'ISTAT(2,KTR) )9l.84,83 

04 IF( HJ( <TR> . EO. IHO) 73, 85 " 

86 IF(LAT(KTR) .cO.O. )87,88 

88 HLAT=LAT ( KTR ) 

GO TO 91 

*87 PLAT=ALAT ' 

91 IF(L0NG(<TR) .EO.O, )89,93 

90 PL0NG=L0N3( <TR ) 

. GO TO 92 

89 PLONG= along 

92 IF( IHT(KTR) .£0.0 . ) 94,93 .. 

93 hT=IhT(KTR) 

GO TO 944 . . 

94 KT = Eu.Ev/ - ---- ^ - ' _ _ - 

94 4 IF( IGRAV ( <TR ) . EQ. Cl . ) 96, 9 5 ^ J ^ 7 

_95 GRAVj^I GRAV( <tR ) _ _ 

GO TO 97 ' “ - '■•TT. ‘ * '- 77.-7 i- 7 ~.- - 7-7 ..7 

96 GRaV = GRAV ! TY • ^ ' 7 

9 7 »-’RiT = ( 1c 7T , i;i5l ) ISTNJ , I 5 T \I2 , BL AT , BLONG , HT , GR AV , LOCI ( KTR ) ', L0C2 ( KTR ) 

GO TO 73 '• 

__ c NO NUMBER- I 'i COR= TO.U=»DAr£ NUMBER ON TAPE _ . 

81 wRIT£( (OjT,l<'eJl) I 7 TNI. , 1ST m2, AL AT. ALONG, ELEV, GRAVITY, LOCI, L0C2__7 
GO TO 74 ' .. 7 ' 

C NO NUMBER ON TaF? 'OR NJ'^BER IN CORE 

_ 83 lF(LAT(KTR).EQ.o;}101,i32 

101 PL aT = -99 v99 . I'O 

GO TO 103 . 

102 f-L AT = ;. A T ( / - “ ) 

103 II- (dO's'Gd'TR) .t.L.O. )1''4, 105 

1U4 HL0NG=-99999 , on 

^ GO TO 105 . . .... 

105 Ni.nNG = LO‘.’o ( ' TP ) 

106 1F( IRT(KTR) .£0,0. )107, 133 

107 MT=-999.00 

.. GO TO 109 
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108 MT = IHTC<TR) 

109 ir(IGRAV<KTR) .EQ.O, )110illl _ 

110- CiRAV = -999, 03 " — 

-r >0 TO 112 - * • _ • -vr- 

I’ll fiRAV='lORAV(*aR) ■ - . -- - 

I-STAKi; <TR> , I ST AT ( 2 , KTR ) , BLAT# fcLON'G, KT, GRAVi 

-■CilHiCltXTfii (KTrV) ^ ^ _ 1,_- 

' ' ^ " T R 'K T K~. G TT< >Tl 3 , 1 1 a ■ * ’■ 

U'( I clMH.EQ. 1)115,116 7" 

11< It-'MEWO. =0.1)83, 79 

117 !\M0?3) IST'Jl, I S T vj 2 , AL AT , ALONG , ElEV , GRAV I T Y , LOCI . L0C2 7' 

- 1 V) U5, 115 . “ 

116 U'Ri-TE( IOJT.1051) ISTNl, I 5 T N2 , A L A T , ALONG , ELE V , GR A V I T Y , LOCl , L0C2 •' 

GO. TO 117 . *“ - __ _ _ 

115 -Er-^^E-ILE iOJT, ‘v 7-^-7- ^ ^ •7:.— * '•j-v-r;.,--- ' 


